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FIG 3 accumulation
reset operation operation reading operation
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FIG. 4
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FIG. 12
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reset operation operation reading operation
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1
SOLID-STATE IMAGING DEVICE AND
SEMICONDUCTOR DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

An embodiment of the present invention relates to a
solid-state imaging device including a photosensor in a
pixel, and to a semiconductor display device including a
photosensor and a display element in a pixel.

2. Description of the Related Art

A photosensor utilizing an amplifying function of a MOS
transistor, called a CMOS sensor, can be manufactured by a
general CMOS process. Thus, manufacturing cost of a
solid-state imaging device including a CMOS sensor in each
pixel can be low, and a semiconductor display device having
a photosensor and a display element formed over one
substrate can be realized. In addition, a CMOS sensor
requires lower driving voltage than a CCD sensor; therefore,
power consumption of the solid-state imaging device can be
suppressed.

For a solid-state imaging device or a semiconductor
display device including a CMOS sensor, a rolling shutter
method is generally employed in which an operation to
accumulate charge in a photodiode and an operation to read
the charge are sequentially performed row by row. However,
in taking an image by a rolling shutter method, a period for
performing accumulation operation in the first row differs
from that in the last row. Thus, when an image of a
fast-moving object is taken by a rolling shutter method,
image data of the object with distortion is produced.

Patent Document 1 given below discloses a technique for
correcting distortion of image data which occurs when an
image is taken with a CMOS sensor by a rolling shutter
method.

REFERENCE

[Patent Document 1] Japanese Published Patent Application
No. 2009-141717

SUMMARY OF THE INVENTION

In a solid-state imaging device or a semiconductor display
device including a CMOS sensor, a wiring for supplying a
power supply potential or a signal potential to a photosensor
is provided in a pixel portion. Since this wiring has resis-
tance, a pixel which is farther from a source of a power
supply potential or a source of a signal is likely to have a
larger decrease in potential. In addition, a wiring having
higher resistance or a contact portion or the like having
higher parasitic capacitance is more likely to cause a signal
delay. When a potential decrease or a signal delay along the
wiring occurs, the power supply potential or the signal
potential to be supplied to photosensors varies within the
pixel portion, and the potential variation is reflected in the
potential of a signal to be output from the photosensors and
reduces the quality of an image to be taken.

In order to resolve distortion in image data due to a rolling
shutter method, a global shutter method which is employed
for a solid-state imaging device including a CCD sensor is
preferably used for a solid-state imaging device or a semi-
conductor display device including a CMOS sensor. A
global shutter method is that in which all pixels perform
accumulation operation simultaneously. By employing the
global shutter method, distortion in image data can be
resolved. However, since all pixels perform accumulation
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operation simultaneously in the case of the global shutter
method, potential decrease or signal delay along a wiring as
stated above is highly likely to occur, depending on the
current or voltage supply capability of a driver circuit.

Low power consumption is one of the important points in
terms of evaluating performance of a solid-state imaging
device or a semiconductor display device. In particular, in a
portable electronic device such as a mobile phone, a solid-
state imaging device or a semiconductor display device is
required to consume less power because high power con-
sumption thereof leads to a disadvantage of short continuous
operation time.

In view of the above problems, it is an object of one
embodiment of the present invention to provide a solid-state
imaging device or a semiconductor display device with
which a high-quality image can be taken. It is another object
of one embodiment of the present invention to provide a
solid-state imaging device or a semiconductor display
device which consumes less power.

In the case of taking an image by a global shutter method,
charge accumulation operation is performed by all pixels
simultaneously. Therefore, a potential for controlling the
charge accumulation operation, such as a potential supplied
to a photodiode or a potential of a signal for controlling the
switching of a transistor for holding charge, can be shared by
all the pixels. Thus, in a solid-state imaging device or a
semiconductor display device according to one embodiment
of the present invention, a first photosensor group includes
a plurality of photosensors connected to a wiring supplied
with an output signal, and a second photosensor group
includes a plurality of photosensors connected to another
wiring supplied with the output signal. A wiring for supply-
ing a potential for controlling charge accumulation operation
to the first photosensor group is connected to a wiring for
supplying the potential to the second photosensor group. The
above configuration suppresses a potential decrease or a
signal delay due to wiring resistance and prevents variation
in a potential or a signal for controlling charge accumulation
operation within a pixel portion, which are highly likely to
occur in the case of a global shutter method.

The solid-state imaging device or the semiconductor
display device according to one embodiment of the present
invention may include, in a backlight, a plurality of light
sources which emit light of different colors and may perform
field sequential operation (FS operation) in which the light
sources are sequentially turned on. In that case, image data
corresponding to each color can be obtained at each pixel, by
performing charge accumulation operation in a period when
the light source of the corresponding color is turned on.
Then, color image data can be obtained by combining the
image data corresponding to the colors. The semiconductor
display device can perform FS operation not only at the time
of taking an image but also at the time of displaying an
image. Specifically, the semiconductor display device can
display a color image by sequentially turning on the light
sources corresponding to colors and displaying grayscale
levels corresponding to the colors in periods when the
individual light sources corresponding to the colors are
turned on. In that case, an element whose transmittance is
controlled by a video signal, such as a liquid crystal element,
is used as a display element.

The adoption of FS operation eliminates the need to
provide a color filter in each pixel and can increase use
efficiency of light from a backlight. With a single pixel,
image data corresponding to different colors can be
obtained, or grayscale levels corresponding to different
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colors can be displayed; thus, high-resolution image data
can be obtained, or a high-definition image can be displayed.

In the case of FS operation of the backlight, light sources
of different colors need to be sequentially turned on one after
another so as to emit light, unlike in the case of combining
a light source of a single color with color filters. In addition,
the frequency at which each light source is switched to
another needs to be set higher than the frame frequency in
the case of using a light source of a single color. For
example, when the frame frequency in the case of using a
light source of a single color is 60 Hz, the frequency at
which each light source is switched to another in the case of
performing FS operation using light sources corresponding
to colors of red, green, and blue is approximately 180 Hz
which is about three times as high as the frame frequency.
Thus, a period when the light source of each color emits light
is very short. On the other hand, in one embodiment of the
present invention, an image is taken by a global shutter
method; thus, charge accumulation operation is performed
by all pixels simultaneously. Accordingly, it can take less
time for all pixels to complete accumulation operation, as
compared to the case of using a rolling shutter method.
Therefore, even in the case where a period when the light
source of each color emits light is made short by employing
FS operation, accumulation operation can be completed by
all pixels within the above period.

Note that in the case of employing a global shutter method
for a solid-state imaging device or a semiconductor display
device including a CMOS sensor, reading operation needs to
be sequentially performed row by row after all pixels
perform accumulation operation simultaneously. Thus, a
charge holding period between the end of accumulation
operation and the start of reading operation differs among
rows. Therefore, if charge leakage due to off-state current of
a transistor occurs, the amount of charge accumulated in
each row changes according to the length of the above
period. Thus, image data of an object with an altered
grayscale may be produced.

Thus, in a solid-state imaging device or a semiconductor
display device according to one embodiment of the present
invention, an insulated-gate field-effect transistor (hereinaf-
ter simply referred to as a transistor) with significantly small
off-state current may be used as a switching element for
holding charge that is accumulated in a photosensor. The
transistor includes, in a channel formation region, a semi-
conductor material whose band gap is wider than a silicon
semiconductor and whose intrinsic carrier density is lower
than that of silicon. With a channel formation region includ-
ing a semiconductor material having the above-described
characteristics, a transistor with significantly small off-state
current and high withstand voltage can be realized. As an
example of such a semiconductor material, an oxide semi-
conductor having a band gap which is approximately three
times as wide as that of silicon can be given. With the use
of the transistor having the above structure as a switching
element, charge leakage in a charge holding period can be
suppressed, and in the case of using a global shutter method,
a change in grayscale due to a difference in charge holding
period among rows can be suppressed.

Note that a purified oxide semiconductor (purified OS)
obtained by reduction of impurities such as moisture or
hydrogen which serves as an electron donor (donor) and by
reduction of oxygen defects is an intrinsic (i-type) semicon-
ductor or a substantially i-type semiconductor. Therefore, a
transistor including the oxide semiconductor has a charac-
teristic of significantly small off-state current. Specifically,
the concentration of hydrogen in the purified oxide semi-
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conductor which is measured by secondary ion mass spec-
trometry (SIMS) is less than or equal to 5x10*/cm?, pref-
erably less than or equal to 5x10'%cm?®, further preferably
less than or equal to 5x10*/cm?, still further preferably less
than or equal to 1x10"%/cm?. The carrier density of an oxide
semiconductor film, which can be measured by Hall effect
measurement, is less than 1x10'*cm?, less than 1x10'%/
cm?, or less than 1x10'*/cm’. The band gap of the oxide
semiconductor is 2 eV or more, preferably 2.5 eV or more,
or further preferably 3 eV or more. With the use of the oxide
semiconductor film which is purified by sufficiently reduc-
ing the concentration of impurities such as moisture or
hydrogen and by reducing oxygen defects, off-state current
of the transistor can be reduced.

The analysis of the concentration of hydrogen in an oxide
semiconductor film is described here. The concentrations of
hydrogen in the oxide semiconductor film and a conductive
film are measured by SIMS. Because of the principle of
SIMS, it is known that accurate data in the proximity of a
surface of a sample or in the proximity of an interface
between stacked films formed of different materials is dif-
ficult to obtain. Thus, in the case where the distribution of
the hydrogen concentration in the thickness direction of a
film is analyzed by SIMS, the average value of the hydrogen
concentration in a region of the film where substantially the
same value can be obtained without significant variation is
employed as the hydrogen concentration. Further, in the case
where the thickness of the film to be measured is small, a
region where substantially the same value can be obtained
cannot be found in some cases due to the influence of the
hydrogen concentration of an adjacent film. In this case, the
maximum value or the minimum value of the hydrogen
concentration of a region where the film is provided is
employed as the hydrogen concentration of the film. Fur-
thermore, in the case where a mountain-shaped peak having
the maximum value and a valley-shaped peak having the
minimum value do not exist in the region where the films are
provided, the value of the inflection point is employed as the
hydrogen concentration.

Various experiments can actually prove small off-state
current of the transistor including the purified oxide semi-
conductor film as an active layer. For example, even with an
element with a channel width of 1x10° pm and a channel
length of 10 um, in a range of from 1 V to 10 V of voltage
(drain voltage) between a source electrode and a drain
electrode, it is possible that off-state current (which is drain
current in the case where voltage between a gate electrode
and the source electrode is 0 V or less) is less than or equal
to the measurement limit of a semiconductor parameter
analyzer, that is, less than or equal to 1x107"* A In that case,
it can be found that an off-state current density correspond-
ing to a value obtained by dividing the off-state current by
the channel width of the transistor is less than or equal to 100
zA/um. Further, an off-state current density has been mea-
sured with the use of a circuit in which a capacitor and a
transistor are connected to each other and charge that flows
into the capacitor or flows out of the capacitor is controlled
by the transistor. In the measurement, a purified oxide
semiconductor film has been used for a channel formation
region of the transistor, and an off-state current density of the
transistor has been measured from a change in the amount of
charge of the capacitor per unit time. As a result, it is found
that, in the case where the voltage between the source
electrode and the drain electrode of the transistor is 3 V, a
smaller off-state current density of several tens of yA/um is
obtained. Thus, in a semiconductor device according to one
embodiment of the present invention, the off-state current
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density of a transistor in which a purified oxide semicon-
ductor film is used as an active layer can be set to less than
or equal to 100 yA/um, preferably less than or equal to 10
yA/um, further preferably less than or equal to 1 yA/um
depending on the voltage between a source electrode and a
drain electrode. Accordingly, the off-state current of the
transistor in which the purified oxide semiconductor film is
used as an active layer is considerably smaller than that of
a transistor in which silicon having crystallinity is used.
As the oxide semiconductor, for example, an indium
oxide, a tin oxide, a zinc oxide, a two-component metal
oxide such as an In—Zn-based oxide, a Sn—Zn-based
oxide, an Al—Zn-based oxide, a Zn—Mg-based oxide, a
Sn—Mg-based oxide, an In—Mg-based oxide, or an In—
Ga-based oxide, a three-component metal oxide such as an
In—Ga—7Zn-based oxide (also referred to as IGZO), an
In—Al—Zn-based oxide, an In—Sn—Zn-based oxide, a
Sn—Ga—Zn-based oxide, an Al—Ga—Zn-based oxide, a

Sn—Al—Zn-based oxide, an In—Hf—Zn-based oxide, an
In—La—Z7n-based oxide, an In—Ce—Zn-based oxide, an
In—Pr—Zn-based oxide, an In—Nd—Zn-based oxide, an
In—Sm—Zn-based oxide, an In—FEu—Zn-based oxide, an
In—Gd—Zn-based oxide, an In—Tb—Zn-based oxide, an
In—Dy—Z7n-based oxide, an In—Ho—Zn-based oxide, an
In—FEr—Zn-based oxide, an In—Tm—Zn-based oxide, an

In—Yb—Zn-based oxide, or an In—Lu—Zn-based oxide, a
four-component oxide such as an In—Sn—Ga—Z7n-based
oxide, an In—Hf—Ga—Zn-based oxide, an In—Al—Ga—
Zn-based oxide, an In—Sn—Al—Zn-based oxide, an In—
Sn—Hf—Zn-based oxide, or an In—Hf—Al—Zn-based
oxide can be used. Note that, for example, an In—Ga—Z7n-
based oxide means an oxide containing In, Ga, and Zn, and
there is no limitation on the ratio of In:Ga:Zn. A metal
element in addition to In, Ga, and Zn may be included. The
oxide semiconductor may contain silicon.

The oxide semiconductor may be expressed by InMO,
(Zn0),, (m>0, m is not necessarily a natural number). Here,
M represents one or more metal elements selected from Ga,
Fe, Mn, and Co. As the oxide semiconductor, a material
represented by In,SnO4(Zn0),, (n>0, n is an integer) may be
used.

In one embodiment of the present invention, among
wirings for supplying a potential to pixels provided in rows
or columns, at least two of a plurality of wirings for
supplying a potential to a photodiode, or at least two of a
plurality of wirings for supplying a potential of a signal for
controlling the switching of the transistor with significantly
small off-state current are electrically connected to each
other. The above structure can suppress a potential decrease
or a signal delay due to wiring resistance and can prevent the
above potential or the potential of the signal from varying
within a pixel portion. As a result, it is possible to prevent
variation in the potential of signals to be output from
photosensors, and it is possible to take a high-quality image.

In one embodiment of the present invention, a global
shutter method is employed, so that the above structure can
be combined with FS operation. The adoption of FS opera-
tion can reduce power consumption of a solid-state imaging
device or a semiconductor display device.

In one embodiment of the present invention, a transistor
with significantly small off-state current is used as a switch-
ing element for holding charge that is accumulated in a
photosensor; accordingly, it is possible to suppress a gray-
scale change due to a difference in charge holding period and
to take a high-quality image, even when the image is taken
by a global shutter method.
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6
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram illustrating a configuration of
connections among a plurality of photosensors.

FIGS. 2A and 2B are a circuit diagram of a photosensor
and a circuit diagram of a pixel portion.

FIG. 3 is a timing chart for a photosensor.

FIG. 4 is a timing chart for a wiring TX and a wiring SE.

FIG. 5 is a diagram illustrating a lighting period and a
non-lighting period of a light source and changes in poten-
tials of a wiring TX, a wiring PR, and a wiring SE over time.

FIG. 6 is a circuit diagram illustrating a configuration of
a pixel included in a semiconductor display device.

FIG. 7 is a diagram illustrating an example of a top view
of a pixel.

FIG. 8 is a top view of a display element.

FIGS. 9A and 9B are a top view and a cross-sectional
view of a photosensor.

FIG. 10 is a diagram illustrating a lighting period and a
non-lighting period of a light source and changes in poten-
tials of a wiring TX, a wiring PR, and a wiring SE over time.

FIG. 11 is a circuit diagram of a photosensor.

FIG. 12 is a timing chart for a photosensor.

FIG. 13 is a circuit diagram of a photosensor.

FIGS. 14A to 14C are cross-sectional views illustrating a
method for manufacturing a transistor including silicon and
a transistor including an oxide semiconductor.

FIGS. 15A and 15B are cross-sectional views of a tran-
sistor including silicon and a transistor including an oxide
semiconductor.

FIG. 16 is a cross-sectional view of a panel.

FIG. 17 is a perspective view illustrating a structure of a
semiconductor display device.

FIGS. 18A to 18E are diagrams illustrating electronic
devices.

FIGS. 19A to 19D are diagrams each illustrating an
example of a structure of a transistor.

FIG. 20 is a diagram illustrating an example of a top view
of a pixel.

DETAILED DESCRIPTION OF THE
INVENTION

Embodiments of the present invention will be described
below in detail with reference to the drawings. Note that the
present invention is not limited to the following description
and it will be readily appreciated by those skilled in the art
that the modes and details of the present invention can be
modified in various ways without departing from the spirit
and scope thereof. Therefore, the present invention should
not be interpreted as being limited to the description in the
following embodiments.

(Embodiment 1)

A configuration of connections among photosensors
included in a solid-state imaging device or a semiconductor
display device of one embodiment of the present invention
will be described with reference to FIG. 1.

FIG. 1 is an example of a circuit diagram illustrating a
configuration of connections among a plurality of photosen-
sors 101 in a pixel portion. In FIG. 1, the photosensors 101
included in pixels are arranged in matrix. Each of the
photosensors 101 includes a photodiode 102 and an ampli-
fier circuit 103. The photodiode 102 is a photoelectric
conversion element which generates current when a junction
of semiconductors is irradiated with light. The amplifier
circuit 103 is a circuit which amplifies current obtained
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through light reception by the photodiode 102 or which
holds charge accumulated due to the current.

The amplifier circuit 103 may have any configuration as
long as it can amplify current generated in the photodiode
102; the amplifier circuit 103 includes at least a transistor
104 which functions as a switching element. The switching
element controls the supply of the current to the amplifier
circuit 103.

In one embodiment of the present invention, a channel
formation region of the transistor 104 which functions as a
switching element may include a semiconductor whose band
gap is wider than that of a silicon semiconductor and whose
intrinsic carrier density is lower than that of silicon. As
examples of the semiconductor, a compound semiconductor
such as silicon carbide (SiC) or gallium nitride (GaN), an
oxide semiconductor including a metal oxide such as zinc
oxide (Zn0O), and the like can be given. Among the above
semiconductors, an oxide semiconductor has an advantage
such as high mass productivity because an oxide semicon-
ductor can be formed by a sputtering method, a wet process
(e.g., a printing method), or the like. A compound semicon-
ductor such as silicon carbide or gallium nitride is required
to be a single crystal, and in order to obtain a single crystal
material, crystal growth at a temperature significantly higher
than a process temperature for the oxide semiconductor is
needed or epitaxial growth over a special substrate is
needed. On the other hand, an oxide semiconductor has high
mass productivity because a film thereof can be formed even
at room temperature and therefore the film can be formed
over a silicon wafer that can be obtained easily or a glass
substrate which is inexpensive and can be applied when the
size of a substrate is increased. In addition, it is possible to
stack a semiconductor element including an oxide semicon-
ductor over an integrated circuit including a normal semi-
conductor material such as silicon or gallium. Accordingly,
among the semiconductors with wide band gaps, the oxide
semiconductor particularly has an advantage of high mass
productivity. Further, in the case where a crystalline oxide
semiconductor is to be obtained in order to improve the
performance of a transistor (e.g., field-effect mobility), the
crystalline oxide semiconductor can be easily obtained by
heat treatment at 200° C. to 800° C.

In the following description, the case in which an oxide
semiconductor having the above advantages is used as the
semiconductor having a wide band gap is given as an
example.

When a semiconductor material having the above-de-
scribed characteristics is included in a channel formation
region, the transistor 104 can have extremely small off-state
current and high withstand voltage. Further, when the tran-
sistor 104 having the above-described structure is used as a
switching element, leakage of charge accumulated in the
amplifier circuit 103 can be prevented.

Note that it is preferable to use a semiconductor with a
wide band gap such as an oxide semiconductor for an active
layer of the transistor 104 because leakage of charge accu-
mulated in the amplifier circuit 103 can be further prevented,
but the present invention is not necessarily limited to this
structure. It is possible to achieve operation by a global
shutter method even when a semiconductor other than an
oxide semiconductor, such as amorphous silicon, microc-
rystalline silicon, polycrystalline silicon, single crystal sili-
con, amorphous germanium, microcrystalline germanium,
polycrystalline germanium, or single crystal germanium, is
used for the active layer of the transistor 104.

Unless otherwise specified, in the case of an n-channel
transistor, off-state current in this specification is a current
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which flows between a source electrode and a drain elec-
trode when, in the state where the potential of the drain
electrode is higher than that of the source electrode and that
of a gate electrode, the potential of the gate electrode is less
than or equal to zero with respect to the potential of the
source electrode. Furthermore, in this specification, in the
case of a p-channel transistor, off-state current is a current
which flows between a source electrode and a drain elec-
trode when, in the state where the potential of the drain
electrode is lower than that of the source electrode or that of
a gate electrode, the potential of the gate electrode is greater
than or equal to zero with respect to the potential of the
source electrode.

The names of the “source electrode” and the “drain
electrode” included in the transistor interchange with each
other depending on the polarity of the transistor or the
difference between potentials applied to the respective elec-
trodes. In general, in an n-channel transistor, an electrode to
which a lower potential is applied is called a source elec-
trode, and an electrode to which a higher potential is applied
is called a drain electrode. Further, in a p-channel transistor,
an electrode to which a lower potential is applied is called
a drain electrode, and an electrode to which a higher
potential is applied is called a source electrode. One of a
source electrode and a drain electrode is referred to as a first
terminal and the other is referred to as a second terminal, and
the connection relationship between the photodiode 102 and
the transistor 104 included in the photosensor 101 will be
described below.

Specifically, in FIG. 1, an anode of the photodiode 102 is
connected to a wiring PR. A cathode of the photodiode 102
is connected to a first terminal of the transistor 104. A second
terminal of the transistor 104 is connected to another semi-
conductor element included in the amplifier circuit 103;
thus, the connection of the second terminal of the transistor
104 differs depending on the configuration of the amplifier
circuit 103. A gate electrode of the transistor 104 is con-
nected to a wiring TX. The wiring TX is supplied with a
potential of a signal for controlling the switching of the
transistor 104. The photosensor 101 is connected to a wiring
OUT. The wiring OUT is supplied with a potential of an
output signal which is output from the amplifier circuit 103.

Note that the term “connection” in this specification refers
to electrical connection and corresponds to the state in which
current, voltage, or a potential can be supplied or transmit-
ted. Accordingly, a connection state means not only a state
of a direct connection but also a state of indirect connection
through a circuit element such as a wiring, a resistor, a diode,
or a transistor so that current, voltage, or a potential can be
supplied or transmitted.

Even when a circuit diagram illustrates independent com-
ponents which are connected to each other, there is a case
where one conductive film has functions of a plurality of
components such as the case where part of a wiring func-
tions as an electrode. In this specification, the term “con-
nection” also means a case where one conductive film has
functions of a plurality of components.

Note that FIG. 1 illustrates as an example the case where
the wiring PR, the wiring TX, and the wiring OUT are
connected to each of the photosensors 101; however, the
number of wirings included in each of the photosensors 101
in one embodiment of the present invention is not limited to
the number in this example. In addition to the above wirings,
a wiring supplied with a power supply potential, a wiring
supplied with a potential of a signal for resetting the amount
of charge held by the amplifier circuit 103, or the like may
be connected to each of the photosensors 101.
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In one embodiment of the present invention, as illustrated
in FIG. 1, one wiring OUT is connected to a plurality of
photosensors 101, and a plurality of photosensors 101 con-
nected to one wiring OUT is not connected to another wiring
OUT and is electrically isolated therefrom. In addition, in
one embodiment of the present invention, a first photosensor
group includes a plurality of photosensors 101 connected to
one wiring OUT; a second photosensor group includes a
plurality of photosensors 101 connected to another wiring
OUT; and a wiring PR connected to the first photosensor
group is connected to a wiring PR connected to the second
photosensor group. In one embodiment of the present inven-
tion, a wiring TX connected to the first photosensor group is
connected to a wiring TX connected to the second photo-
sensor group.

In one embodiment of the present invention, the above
configuration can suppress a potential decrease or a signal
delay due to the resistance of the wirings PR or the wirings
TX. As a result, it is possible to prevent a potential supplied
to the anode of the photodiode 102 or a potential of a signal
for controlling the switching of the transistor 104 for holding
charge from varying within the pixel portion. Accordingly,
it is possible to prevent a potential of a signal to be output
from the photosensor 101 from varying, and it is possible to
take a high-quality image.

Note that although FIG. 1 illustrates the configuration of
the photosensor 101 in which the amplifier circuit 103
includes only one transistor 104 which functions as a
switching element, the present invention is not limited to this
configuration. Although the configuration in which one
transistor functions as one switching element is described, a
plurality of transistors may function as one switching ele-
ment in one embodiment of the present invention. In the case
where a plurality of transistors functions as one switching
element, the plurality of transistors may be connected to
each other in parallel, in series, or in combination of parallel
connection and series connection.

In this specification, the state in which transistors are
connected to each other in series, for example, means a state
in which only one of a first terminal and a second terminal
of'a first transistor is connected to only one of a first terminal
and a second terminal of a second transistor. Further, the
state in which transistors are connected to each other in
parallel means a state in which a first terminal of a first
transistor is connected to a first terminal of a second tran-
sistor and a second terminal of the first transistor is con-
nected to a second terminal of the second transistor.

FIG. 1 illustrates the case where the transistor 104
includes the gate electrode only on one side of the active
layer. When the transistor 104 includes a pair of gate
electrodes having the active layer sandwiched therebetween,
one of the gate electrodes is supplied with a signal for
controlling switching, and the other of the gate electrodes
may be in a floating state (i.e., electrically isolated) or may
be supplied with a potential. In the latter case, the pair of
electrodes may be supplied with the same level of potential,
or only the other of the gate electrodes may be supplied with
a fixed potential such as a ground potential. By controlling
the level of potential supplied to the other of the gate
electrodes, the threshold voltage of the transistor 104 can be
controlled.

Next, an example of a specific configuration of the
photosensor 101 will be described. FIG. 2A is a circuit
diagram of an example of the photosensor 101.

In the photosensor 101 illustrated in FIG. 2A, the ampli-
fier circuit 103 includes a transistor 105 and a transistor 106
in addition to the transistor 104. In the transistor 105, the
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current value or resistance value between a first terminal and
a second terminal thereof is determined by a potential
supplied to the second terminal of the transistor 104. The
transistor 106 functions as a switching element for supplying
a potential of an output signal determined by the current
value or resistance value, to the wiring OUT.

Specifically, in FIG. 2A, the second terminal of the
transistor 104 is connected to a gate electrode of the tran-
sistor 105. The first terminal of the transistor 105 is con-
nected to a wiring VR which is supplied with a high-level
power supply potential VDD. The second terminal of the
transistor 105 is connected to a first terminal of the transistor
106. A second terminal of the transistor 106 is connected to
the wiring OUT. A gate electrode of the transistor 106 is
connected to a wiring SE, and the wiring SE is supplied with
a potential of a signal for controlling the switching of the
transistor 106.

In FIG. 2A, a node where the second terminal of the
transistor 104 and the gate electrode of the transistor 105 are
connected to each other is denoted by a node FD. The
current value or resistance value between the first terminal
and the second terminal of the transistor 105 is determined
by the amount of charge accumulated at the node FD. In
addition to this, the potential of the output signal supplied
from the second terminal of the transistor 106 is determined
by a potential of a signal for controlling the switching of the
transistor 106. In order to hold charge at the node FD more
reliably, a storage capacitor may be connected to the node
FD.

Note that in FIG. 2A, an oxide semiconductor film may be
used for active layers of the transistor 105 and the transistor
106 included in the amplifier circuit 103, other than the
transistor 104. Alternatively, a semiconductor other than an
oxide semiconductor, such as amorphous silicon, microc-
rystalline silicon, polycrystalline silicon, single crystal sili-
con, amorphous germanium, microcrystalline germanium,
polycrystalline germanium, or single crystal germanium,
may be used for active layers of the transistor 104, the
transistor 105, and the transistor 106. With the use of an
oxide semiconductor film for active layers of all transistors
in the photosensor 101, a manufacturing process can be
simplified. With the use of a semiconductor material capable
of providing higher mobility than an oxide semiconductor,
such as polycrystalline or single crystal silicon, for active
layers of the transistor 105 and the transistor 106, image data
can be read from the photosensor 101 at high speed.

FIG. 2B illustrates an example of a configuration of a
pixel portion including the photosensor 101 illustrated in
FIG. 2A.

In FIG. 2B, a plurality of photosensors 101 is arranged in
matrix. The photosensors 101 in each column are connected
to one of a plurality of wirings PR (referred to as wirings
PR1 to PRx), one of a plurality of wirings TX (referred to as
wirings TX1 to TXx), one of a plurality of wirings OUT
(referred to as wirings OUT1 to OUTx), and one of a
plurality of wirings VR (referred to as wirings VR1 to VRx).
The photosensors 101 in each row are connected to one of
a plurality of wirings SE (referred to as wirings SE1 to SEy).

In FIG. 2B, a plurality of photosensors 101 connected to
the wiring OUTi (i is one of 1 to x) and the wiring VR1 (i
is one of 1 to x) is not connected to the wiring OUT] (j is one
of 1 to x, but not 1) and the wiring VRj (j is one of 1 to x,
but not i) and is electrically isolated therefrom. In FIG. 2B,
a first photosensor group includes the plurality of photosen-
sors 101 connected to the wiring OUTi and the wiring VR1;
a second photosensor group includes a plurality of photo-
sensors 101 connected to the wiring OUT]j and the wiring
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VRj; and the wiring PRi connected to the first photosensor
group is connected to the wiring PRj connected to the second
photosensor group. The wiring TXi connected to the first
photosensor group is connected to the wiring TXj connected
to the second photosensor group.

The above configuration can suppress a potential decrease
or a signal delay due to the resistance of the wirings PR and
the wirings TX, as in the case of FIG. 1. As a result, it is
possible to prevent a potential supplied to the anode of the
photodiode 102 or a potential of a signal for controlling the
switching of the transistor 104 for holding charge from
varying within the pixel portion. Accordingly, it is possible
to prevent a potential of a signal to be output from the
photosensor 101 from varying, and it is possible to take a
high-quality image.

Next, an example of operation of the photosensors 101
illustrated in FIGS. 2A and 2B will be described.

First, the operation of each of the photosensors 101 will
be described. FIG. 3 illustrates a timing chart of various
potentials supplied to the photosensor 101 illustrated in
FIGS. 2A and 2B, as an example.

Note that in the timing chart illustrated in FIG. 3, for easy
understanding of operation of the photosensor 101, it is
assumed that the wiring TX, the wiring SE, and the wiring
PR are supplied with a high-level potential and a low-level
potential. Specifically, it is assumed that the wiring TX is
supplied with a high-level potential HTX and a low-level
potential LTX; the wiring SE, a high-level potential HSE
and a low-level potential L.SE; and the wiring PR, a high-
level potential HPR and a low-level potential LPR.

First, at a time T1, the potential of the wiring TX is
changed from the potential LTX to the potential HTX. When
the potential of the wiring TX is changed to the potential
HTX, the transistor 104 is turned on. Note that at the time
T1, the wiring SE is supplied with the potential LSE, and the
wiring PR is supplied with the potential LPR.

Next, at a time T2, the potential of the wiring PR is
changed from the potential LPR to the potential HPR. At the
time T2, the potential of the wiring TX is kept at the
potential HTX, and the potential of the wiring SE is kept at
the potential LSE. Accordingly, the node FD is supplied with
the potential HPR of the wiring PR; thus, the amount of
charge held at the node FD is reset.

Then, at a time T3, the potential of the wiring PR is
changed from the potential HPR to the potential LPR. Until
shortly before the time T3, the potential of the node FD is
kept at the potential HPR. Thus, when the potential of the
wiring PR is changed to the potential LPR, a reverse bias
voltage is applied to the photodiode 102. Then, when light
enters the photodiode 102 in a state where a reverse bias
voltage is applied to the photodiode 102, current flows from
the cathode of the photodiode 102 toward the anode thereof.
The value of the current varies according to the intensity of
light. In other words, as the intensity of light entering the
photodiode 102 increases, the value of the current increases
and the amount of charge leaking out from the node FD also
increases. Conversely, as the intensity of light entering the
photodiode 102 decreases, the value of the current decreases
and the amount of charge leaking out from the node also FD
decreases. Thus, the higher the intensity of light becomes,
the larger the amount of change in the potential of the node
FD becomes; the lower the intensity of light becomes, the
smaller the amount of change becomes.

Then, at a time T4, when the potential of the wiring TX
is changed from the potential HTX to the potential LTX, the
transistor 104 is turned off. Accordingly, the movement of
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charge from the node FD to the photodiode 102 is stopped
and thus the potential of the node FD is determined.

Next, at a time T5, when the potential of the wiring SE is
changed from the potential LSE to the potential HSE, the
transistor 106 is turned on. Then, according to the potential
of the node FD, charge is moved from the wiring VR to the
wiring OUT.

Next, at a time T6, when the potential of the wiring SE is
changed from the potential HSE to the potential LSE, the
movement of charge from the wiring VR to the wiring OUT
is stopped and the potential of the wiring OUT is deter-
mined. The potential of the wiring OUT corresponds to the
potential of the output signal of the photosensor 101. In
addition, the potential of the output signal contains data of
a taken image of an object.

The above-described series of operations can be classified
into a reset operation, an accumulation operation, and a
reading operation. In other words, an operation from the
time T2 to the time T3 corresponds to the reset operation; an
operation from the time T3 to the time T4, the accumulation
operation; and an operation from the time T5 to the time T6,
the reading operation. By performing the reset operation, the
accumulation operation, and the reading operation, image
data can be obtained.

Furthermore, a period between the end of the accumula-
tion operation and the start of the reading operation, i.e., a
period from the time T4 to the time T5, corresponds to a
charge holding period in which charge is held at the node
FD. In one embodiment of the present invention, the pixel
portion is operated by a global shutter method, and thus, the
length of the charge holding period differs among rows of
pixels. Reasons for this difference will be described below.

First, an example of operation of a pixel portion by a
global shutter method will be described. FIG. 4 illustrates a
timing chart of potentials supplied to the wirings TX1 to
TXx and the wirings SE1 to SEy in the pixel portion
illustrated in FIG. 2B, as an example.

In the timing chart illustrated in FIG. 4, the reset operation
and the accumulation operation from the time T2 to the time
T4 are performed by all the photosensors 101 concurrently.
Thus, the potentials of the wirings TX1 to TXx are changed
from the potential LTX to the potential HTX simultaneously
at the time T1 and changed from the potential HTX to the
potential LTX simultaneously at the time T4. In FIG. 4, a
period in which the reset operation and the accumulation
operation are performed is referred to as a light exposure
period 300.

In the timing chart illustrated in FIG. 4, the reading
operation from the time T5 to the time T6 is sequentially
performed on the photosensors 101 row by row. In other
words, the timings of the time T5 and the time T6 differ
among rows of the photosensors 101. Specifically, the
potential of the wiring SE1 is changed from the potential
LSE to the potential HSE and is then changed from the
potential HSE to the potential LSE. After that, the potentials
of the wirings SE2 to SEy are also sequentially changed in
a similar manner. In FIG. 4, a period in which the reading
operation is performed is referred to as a reading period 301.

As can be seen from FIG. 4, in the case of operating the
pixel portion by a global shutter method, the reset operation
and the accumulation operation are performed by all pixels
simultaneously, and therefore, the light exposure period 300
ends in all pixels at substantially the same timing. On the
other hand, the reading operation is performed on photo-
sensors row by row, and therefore, the reading period 301
starts at different timings in different rows of photosensors.
Accordingly, the length of a charge holding period 302
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between the end of the light exposure period 300 and the
start of the reading period 301 differs among rows of
photosensors, and the charge holding period 302 of the
photosensors in the last row is the longest.

When an image with a uniform grayscale level is taken,
all photosensors ideally provide output signals having the
same level of potential. However, in the case where the
length of the charge holding period 302 differs among rows
of photosensors, if charge accumulated at the node FD leaks
out over time, the potential of an output signal of a photo-
sensor differs among rows, and image data with different
grayscale levels are obtained from different rows.

On the other hand, in one embodiment of the present
invention, the transistor 104 with significantly small off-
state current may be used as a switching element for holding
charge accumulated in the photosensor 101, specifically,
charge accumulated at the node FD. In that case, even when
an image is taken by a global shutter method, it is possible
to suppress variation in grayscale level of image data due to
a difference in the length of the charge holding period, and
it is possible to take a high-quality image.

Note that an image can be taken with a solid-state imaging
device by utilizing external light and an image can also be
taken by utilizing not external light but light from a back-
light, like a contact area sensor, for example. In the case of
using a backlight in one embodiment of the present inven-
tion, color image data may be obtained by FS operation of
the backlight. By the FS operation, color image data can be
obtained by additive color mixing using image data corre-
sponding to a plurality of colors.

The operation of light sources and the operation of a pixel
portion in the case of FS operation of a backlight in a
solid-state imaging device will be described with reference
to FIG. 5. FIG. 5 illustrates lighting periods and non-lighting
periods of three light sources corresponding to red (R), green
(G), and blue (B) and changes in potentials of the wirings
TX, the wirings PR, and the wirings SE over time.

Note that FIG. 5 illustrates an example in which a
backlight includes a light source which emits red (R) light,
a light source which emits green (G) light, and a light source
which emits blue (B) light; however, the kinds of light
sources included in a backlight are not limited to this
example. FIG. 5 illustrates the operation of a solid-state
imaging device having the configuration in FIGS. 2A and
2B, as an example.

As illustrated in FIG. 5, in the case of FS operation of the
backlight, the light sources of different colors are sequen-
tially turned on. Specifically, in FIG. 5, a lighting period Tr
in which the light source for red (R) is turned on, a
non-lighting period Tk in which all the light sources are
turned off, a lighting period Tg in which the light source for
green (Q) is turned on, a non-lighting period Tk in which all
the light sources are turned off, and a lighting period Tb in
which the light source for blue (B) is turned on are sequen-
tially provided.

In the lighting period Tr, the reset operation and the
accumulation operation corresponding to red (R) are per-
formed by the photosensors of all the pixels simultaneously.
In other words, a light exposure period in which the reset
operation and the accumulation period are performed is
provided in the lighting period Tr. In the light exposure
period, signals which are input to the wirings Tx1 to TXx
have pulses of potential, and periods in which the pulses
appear coincide with each other. In addition, in the light
exposure period, signals which are input to the wirings PR1
to PRx have pulses of potential, and periods in which the
pulses appear coincide with each other.
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In the non-lighting period Tk provided subsequent to the
lighting period Tr, charge reading operation corresponding
to red (R) is sequentially performed on the photosensors row
by row. Thus, within a period for reading all rows, periods
for reading the individual rows are sequentially provided. In
addition, signals which are input to the wirings SE1 to SEy
in the periods for reading the individual rows have pulses of
potential. In other words, the pulses of the signals which are
input to the wirings SE1 to SEy appear in such a manner that
the pulses shift sequentially.

Similarly, in the lighting period Tg, the reset operation
and the accumulation operation corresponding to green (G)
are performed by the photosensors of all the pixels simul-
taneously. In other words, a light exposure period in which
the reset operation and the accumulation period are per-
formed is provided in the lighting period Tg. In addition,
similarly, in the non-lighting period Tk provided subsequent
to the lighting period Tg, charge reading operation corre-
sponding to green (G) is sequentially performed on the
photosensors row by row.

Similarly, in the lighting period Tb, the reset operation
and the accumulation operation corresponding to blue (B)
are performed by the photosensors of all the pixels simul-
taneously. In other words, a light exposure period in which
the reset operation and the accumulation period are per-
formed is provided in the lighting period Tb. In addition,
similarly, in the non-lighting period Tk provided subsequent
to the lighting period Tb, charge reading operation corre-
sponding to blue (B) is sequentially performed on the
photosensors row by row.

Through the above operations, image data corresponding
to the colors can be obtained. Then, color image data can be
obtained by combining the image data corresponding to the
colors.

Note that another non-lighting period Tk may be added,
and image data may be obtained in that non-lighting period.
By subtracting image data obtained in the non-lighting
period from the image data corresponding to the colors,
high-contrast color image data with less influence of exter-
nal light can be obtained.

Note that in the case of a solid-state imaging device, it is
not necessarily needed to insert a non-lighting period
between lighting periods, but by inserting a non-lighting
period, it becomes possible to prevent leakage of charge in
the charge holding period.

In the case of FS operation of the backlight, light sources
of different colors need to be sequentially turned on one after
another so as to emit light, unlike in the case of combining
a light source of a single color with color filters. In addition,
the frequency at which each light source is switched to
another needs to be set higher than the frame frequency in
the case of using a light source of a single color. For
example, when the frame frequency in the case of using a
light source of a single color is 60 Hz, the frequency at
which each light source is switched to another in the case of
performing FS operation using light sources corresponding
to colors of red, green, and blue is approximately 180 Hz
which is about three times as high as the frame frequency.
Thus, a period when the light source of each color emits light
is very short. On the other hand, in one embodiment of the
present invention, an image is taken by a global shutter
method; thus, charge reset operation and accumulation
operation can be performed by all pixels simultaneously.
Accordingly, it can take less time for all pixels to complete
accumulation operation, as compared to the case of using a
rolling shutter method. Therefore, even when a period when
the light source of each color emits light is made short by
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employing FS operation, accumulation operation can be
completed by all pixels within the above period.

In addition, the adoption of FS operation eliminates the
need to provide a color filter in each pixel and can increase
use efficiency of light from a backlight. Accordingly, power
consumption of a solid-state imaging device can be reduced.
With a single pixel, image data corresponding to different
colors can be obtained, or grayscale levels corresponding to
different colors can be displayed; thus, high-resolution
image data can be obtained, or a high-definition image can
be displayed.

Next, an example of a pixel in a semiconductor display
device according to one embodiment of the present inven-
tion will be described. In a solid-state imaging device, a
photosensor is provided in each pixel; in a semiconductor
display device, a display element as well as a photosensor is
provided in each pixel. In a semiconductor display device,
the configuration illustrated in FIG. 1 or FIG. 2B can also be
employed as a configuration of connections among photo-
sensors. Furthermore, in a semiconductor display device, the
configuration of the photosensor illustrated in FIG. 1 or FIG.
2A can also be employed.

FIG. 6 is a circuit diagram illustrating an example of a
configuration of a pixel included in a semiconductor display
device. In FIG. 6, a pixel 120 includes four display elements
121 and one photosensor 101. Note that in a semiconductor
display device according to one embodiment of the present
invention, the number of display elements 121 and photo-
sensors 101 included in each pixel is not limited to that in the
configuration illustrated in FIG. 6.

In FIG. 6, the photosensor 101 having the configuration
illustrated in FIG. 2A is used in the pixel 120.

The display element 121 includes a liquid crystal element
122 and a circuit element such as a transistor for controlling
the operation of the liquid crystal element 122. Specifically,
FIG. 6 illustrates an example in which the display element
121 includes the liquid crystal element 122, a transistor 123
functioning as a switching element, and a capacitor 124. The
liquid crystal element 122 includes a pixel electrode, a
counter electrode, and a liquid crystal to which a voltage is
applied using the pixel electrode and the counter electrode.

Note that the display element 121 may further include
another circuit element such as a transistor, a diode, a
resistor, a capacitor, or an inductor as needed.

A gate electrode of the transistor 123 is connected to a
scan line GL. A first terminal of the transistor 123 is
connected to a signal line SL, and a second terminal thereof
is connected to the pixel electrode of the liquid crystal
element 122. One of a pair of electrodes included in the
capacitor 124 is connected to the pixel electrode of the liquid
crystal element 122, and the other thereof is connected to a
wiring COM which is supplied with a fixed potential.

Next, a layout of a pixel of a semiconductor display
device according to one embodiment of the present inven-
tion will be described using the pixel illustrated in FIG. 6 as
an example. FIG. 7 illustrates an example of a top view of
the pixel 120 illustrated in FIG. 6. The pixel 120 illustrated
in FIG. 7 includes one photosensor 101 and four display
elements 121 as in FIG. 6.

FIG. 8 is an enlarged view of one of the display elements
121 illustrated in FIG. 7. The display element 121 includes
a conductive film 201 functioning as the scan line GL, a
conductive film 202 functioning as the signal line SL,, and a
conductive film 203 functioning as the wiring COM. The
conductive film 201 also functions as the gate electrode of
the transistor 123. The conductive film 202 also functions as
the first terminal of the transistor 123. The display element
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121 further includes a pixel electrode 204, a conductive film
205, and a conductive film 206. The conductive film 206
functions as the second terminal of the transistor 123. The
conductive film 206 and the pixel electrode 204 are con-
nected.

The conductive film 206 is connected to the conductive
film 205, and a portion where the conductive film 203
functioning as the wiring COM and the conductive film 205
overlap each other with a gate insulating film interposed
therebetween functions as the capacitor 124.

Note that various insulating films including the gate
insulating film are not illustrated in FIG. 7 and FIG. 8 for
clear illustration of the components such as the wirings, the
transistors, and the capacitors.

The conductive film 201 and the conductive film 205 can
be formed by processing one conductive film formed over an
insulating surface into a desired shape. The gate insulating
film is formed over the conductive film 201 and the con-
ductive film 205. Furthermore, the conductive film 202, the
conductive film 203, and the conductive film 206 can be
formed by processing one conductive film formed over the
gate insulating film into a desired shape.

Note that in the case where the transistor 123 is a
bottom-gate transistor and an active layer 253 thereof
includes an oxide semiconductor, it is preferable to employ
a structure in which the active layer 253 is provided over the
conductive film 201 functioning as the gate electrode, so as
not to extend beyond the conductive film 201 as illustrated
in FIG. 8. This configuration can prevent the oxide semi-
conductor in the active layer 253 from deteriorating due to
light incident from the substrate side and can thus prevent
deterioration of characteristics such as a shift of the thresh-
old voltage of the transistor 123.

FIG. 9A is an enlarged view of one of the photosensors
101 illustrated in FIG. 7. FIG. 9B is a cross-sectional view
taken along broken line A1-A2 of FIG. 9A.

The photosensor 101 includes a conductive film 210
functioning as the wiring PR, a conductive film 211 func-
tioning as the wiring TX, a conductive film 212 functioning
as the wiring SE, a conductive film 213 functioning as the
wiring VR, and a conductive film 214 functioning as the
wiring OUT.

The photodiode 102 included in the photosensor 101
includes a p-type semiconductor film 215, an i-type semi-
conductor film 216, and an n-type semiconductor film 217
which are sequentially stacked. The conductive film 210 is
connected to the p-type semiconductor film 215 functioning
as the anode of the photodiode 102.

A conductive film 218 included in the photosensor 101
functions as the gate electrode of the transistor 104 and is
connected to the conductive film 211. A conductive film 219
included in the photosensor 101 functions as the first ter-
minal of the transistor 104. A conductive film 220 included
in the photosensor 101 functions as the second terminal of
the transistor 104. A conductive film 221 included in the
photosensor 101 is connected to the n-type semiconductor
film 217 and the conductive film 219. A conductive film 222
included in the photosensor 101 functions as the gate
electrode of the transistor 105 and is connected to the
conductive film 220.

A conductive film 223 included in the photosensor 101
functions as the first terminal of the transistor 105. A
conductive film 224 included in the photosensor 101 func-
tions as the second terminal of the transistor 105 and the first
terminal of the transistor 106. The conductive film 214 also
functions as the second terminal of the transistor 106. The
conductive film 212 also functions as the gate electrode of
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the transistor 106. The conductive film 225 included in the
photosensor 101 is connected to the conductive film 223 and
the conductive film 213.

A conductive film 226 included in the photosensor 101 is
connected to the conductive film 210 functioning as the
wiring PR. Although not illustrated in FIGS. 9A and 9B, a
plurality of conductive films 210 functioning as the wirings
PR is provided in the pixel portion. In one embodiment of
the present invention, the conductive film 226 is connected
to at least two of the plurality of conductive films 210.

A conductive film 227 included in the photosensor 101 is
connected to the conductive film 211 functioning as the
wiring TX. Although not illustrated in FIG. 9, a plurality of
conductive films 211 functioning as the wirings TX is
provided in the pixel portion. In one embodiment of the
present invention, the conductive film 227 is connected to at
least two of the plurality of conductive films 211.

The conductive film 212, the conductive film 218, the
conductive film 222, the conductive film 225, the conductive
film 226, and the conductive film 227 can be formed by
processing one conductive film formed over an insulating
surface into a desired shape. A gate insulating film 228 is
formed over the conductive film 212, the conductive film
218, the conductive film 222, the conductive film 225, the
conductive film 226, and the conductive film 227. The
conductive film 210, the conductive film 211, the conductive
film 213, the conductive film 214, the conductive film 219,
the conductive film 220, the conductive film 223, and the
conductive film 224 can be formed by processing one
conductive film formed over the gate insulating film 228 into
a desired shape.

Note that the conductive film 226 connecting the wirings
PR to each other and the conductive films 210 functioning
as the wirings PR are formed using different conductive
films in this embodiment; however, one embodiment of the
present invention is not limited to this structure. One con-
ductive film may have both a function to connect the wirings
PR to each other and a function as the wirings PR. In other
words, in that case, the conductive film has a net-like shape
in the pixel portion.

The conductive film 227 connecting the wirings TX to
each other and the conductive films 211 functioning as the
wirings TX are formed using different conductive films in
this embodiment; however, one embodiment of the present
invention is not limited to this structure. One conductive film
may have both a function to connect the wirings TX to each
other and a function as the wirings TX. In other words, in
that case, the conductive film has a net-like shape in the pixel
portion.

The above structure can suppress a potential decrease or
a signal delay due to the resistance of the wirings PR and the
wirings TX. As a result, it is possible to prevent a potential
supplied to the anode of the photodiode 102 or a potential of
a signal for controlling the switching of the transistor 104 for
holding charge from varying within the pixel portion.
Accordingly, it is possible to prevent a potential of a signal
to be output from the photosensor 101 from varying, and it
is possible to take a high-quality image.

Note that the cross-sectional view of the photosensor 101
in FIG. 9B illustrates a state after the process up to and
including the step of forming the conductive film 221. In the
semiconductor display device, the display element 121 as
well as the photosensor 101 is provided in the pixel 120;
thus, a liquid crystal element is practically formed after the
conductive film 221 is formed.

Note that in the case where the transistor 104 is a
bottom-gate transistor and an active layer 250 thereof
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includes an oxide semiconductor, it is preferable to employ
a structure in which the active layer 250 is provided over the
conductive film 218 functioning as the gate electrode, so as
not to extend beyond the conductive film 218 as illustrated
in FIGS. 9A and 9B. This configuration can prevent the
oxide semiconductor in the active layer 250 from deterio-
rating due to light incident from the substrate 251 side and
can thus prevent deterioration of characteristics such as a
shift of the threshold voltage of the transistor 104. Note that
by employing the above configuration for the transistor 105
and the transistor 106, a similar effect can be obtained.

FIG. 16 is a cross-sectional view of a pixel, which
illustrates the transistor 123 of the display element 121 and
the photodiode 102 of the photosensor 101. The conductive
film 206 functioning as the second terminal of the transistor
123 is connected to the pixel electrode 204. The conductive
film 221 connected to the photodiode 102 and the pixel
electrode 204 can be formed by processing one conductive
film formed over an insulating film 231 covering the tran-
sistor 123 and the photodiode 102 into a desired shape.

A substrate 236 is disposed so as to face a substrate 232
provided with the pixel electrode 204. The substrate 236 is
provided with a counter electrode 233, and a liquid crystal
layer 234 including a liquid crystal is provided between the
pixel electrode 204 and the counter electrode 233. The liquid
crystal element 122 is formed in a portion where the pixel
electrode 204, the counter electrode 233, and the liquid
crystal layer 234 overlap each other.

Note that an alignment film may be provided as appro-
priate between the pixel electrode 204 and the liquid crystal
layer 234 or between the counter electrode 233 and the
liquid crystal layer 234. The alignment film can be formed
using an organic resin such as polyimide or polyvinyl
alcohol. Alignment treatment such as rubbing is performed
on its surface in order to align liquid crystal molecules in a
certain direction. Rubbing can be performed by rotating a
roller wrapped with cloth of nylon or the like so as to be in
contact with the alignment film so that the surface of the
alignment film is rubbed in a certain direction. Note that it
is also possible to form the alignment film having alignment
characteristics by using an inorganic material such as silicon
oxide by an evaporation method, without performing align-
ment treatment.

Injection of a liquid crystal to form the liquid crystal layer
234 may be performed by a dispenser method (dripping
method) or a dipping method (pumping method).

Note that the substrate 236 is provided with a blocking
film 235 capable of blocking light, in order to prevent a
disclination due to disordered orientation of the liquid
crystal between pixels, or in order to prevent dispersed light
from entering a plurality of adjacent pixels at the same time.
An organic resin containing black pigment such as carbon
black or low-valent titanium oxide having an oxidation
number smaller than that of titanium dioxide can be used for
the blocking film 235. Alternatively, a film of chromium can
be used for the blocking film.

In the case where the active layer 253 includes an oxide
semiconductor, when the blocking film 235 is provided so as
to overlap with the active layer 253 of the transistor 123, it
is possible to prevent the oxide semiconductor in the active
layer 253 from deteriorating due to light incident from the
substrate 236 side, and thus, it is possible to prevent dete-
rioration of characteristics such as a shift of the threshold
voltage of the transistor 123.

The pixel electrode 204 and the counter electrode 233 can
be formed using a light-transmitting conductive material
such as indium tin oxide including silicon oxide (ITSO),



US 9,473,714 B2

19

indium tin oxide (ITO), zinc oxide (ZnO), indium zinc oxide
(IZ0O), or gallium-doped zinc oxide (GZO), for example.

A known liquid crystal in a twisted nematic (TN) mode,
a vertical alignment (VA) mode, an optically compensated
birefringence (OCB) mode, an in-plane switching (IPS)
mode, a multi-domain vertical alignment (MVA) mode, or
the like can be used for the liquid crystal layer 234.

Alternatively, a liquid crystal exhibiting a blue phase for
which an alignment film is unnecessary may be used for the
liquid crystal layer 234. A blue phase is one of liquid crystal
phases, which is generated just before a cholesteric phase
changes into an isotropic phase when the temperature of
cholesteric liquid crystal is increased. Since the blue phase
is only generated within a narrow range of temperature, a
chiral agent or an ultraviolet curable resin is added so that
the temperature range is improved. The liquid crystal com-
position which includes a liquid crystal exhibiting a blue
phase and a chiral agent is preferable because it has a small
response time of 1 msec or less, has optical isotropy, which
makes the alignment process unneeded, and has a small
viewing angle dependence.

Note that although the liquid crystal element in which the
liquid crystal layer 234 is sandwiched between the pixel
electrode 204 and the counter electrode 233 is illustrated in
FIG. 16 as an example, the semiconductor display device
according to one embodiment of the present invention is not
limited to having this structure. A pair of electrodes may be
formed over one substrate as in an IPS liquid crystal element
or a liquid crystal element using a blue phase.

Note that the blocking film 235 is preferably provided for
not only the display element 121 but also the photosensor
101. FIG. 20 illustrates a state where the blocking film 235
overlaps with the pixel 120 illustrated in FIG. 7. In FIG. 20,
the blocking film 235 has openings in a region overlapping
with the pixel electrode 204 of the display element 121 and
in a region overlapping with the photodiode 102 of the
photosensor 101. Thus, even when the active layers of the
transistors included in the display element 121 and the
photosensor 101 include an oxide semiconductor, the block-
ing film 235 shields the active layers from light; accordingly,
it is possible to prevent photodegradation of the oxide
semiconductor, and it is possible to prevent deterioration of
characteristics such as a shift of the threshold voltage of the
transistors.

Note that in the case of forming a driving circuit on a
panel, by disposing a gate electrode or a blocking film so as
to shield a transistor included in the driver circuit from light,
it is possible to prevent deterioration of characteristics such
as a shift of the threshold voltage of the transistor.

Note that a solid-state imaging device or a semiconductor
display device according to one embodiment of the present
invention includes in its scope a panel where a pixel portion
is formed between a pair of substrates, and a module in
which an IC including a driver circuit, a controller, a CPU,
a memory, or the like and a backlight are mounted on the
panel. A driver circuit may be formed on the panel.

Next, the operation of light sources and the operation of
a pixel portion in the case of FS operation of a semicon-
ductor display device will be described with reference to
FIG. 10. FIG. 10 illustrates lighting periods and non-lighting
periods of three light sources corresponding to red (R), green
(G), and blue (B) and changes in potentials of the wirings
TX, the wirings PR, and the wirings SE over time.

Note that FIG. 10 illustrates an example in which a
backlight includes a light source which emits red (R) light,
a light source which emits green (G) light, and a light source
which emits blue (B) light; however, the kinds of light
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sources included in a backlight are not limited to this
example. FIG. 10 illustrates operation assuming that a pixel
portion includes a plurality of pixels illustrated in FIG. 6 and
the pixel portion is provided with wirings TX1 to TXx,
wirings PR1 to PRx, and wirings SE1 to SEy.

As illustrated in FIG. 10, in the case of FS operation of the
backlight, the light sources of different colors are sequen-
tially turned on. Specifically, in FIG. 10, a lighting period Tr
in which the light source for red (R) is turned on, a
non-lighting period Tk in which all the light sources are
turned off, a lighting period Tg in which the light source for
green (Q) is turned on, a non-lighting period Tk in which all
the light sources are turned off, a lighting period Tb in which
the light source for blue (B) is turned on, and a non-lighting
period Tk in which all the light sources are turned off are
sequentially provided in one frame period.

First, in the lighting period Tr in a first frame period, the
reset operation and the accumulation operation correspond-
ing to red (R) are performed by the photosensors of all the
pixels simultaneously, in a manner similar to the solid-state
imaging device. In other words, a light exposure period in
which the reset operation and the accumulation period are
performed is provided in the lighting period Tr. In the light
exposure period, signals which are input to the wirings Tx1
to TXx have pulses of potential, and periods in which the
pulses appear coincide with each other. In addition, in the
light exposure period, signals which are input to the wirings
PR1 to PRx have pulses of potential, and periods in which
the pulses appear coincide with each other.

In a period between the end of the lighting period Tr and
the start of the lighting period Tg in a second frame period,
charge reading operation corresponding to red (R) is sequen-
tially performed on the photosensors row by row. Thus,
within a period for reading all rows, periods for reading the
individual rows are sequentially provided. In addition, sig-
nals which are input to the wirings SE1 to SEy in the periods
for reading the individual rows have pulses of potential. In
other words, the pulses of the signals which are input to the
wirings SE1 to SEy appear in such a manner that the pulses
shift sequentially.

Similarly, in the lighting period Tg in the second frame
period, the reset operation and the accumulation operation
corresponding to green (G) are performed by the photosen-
sors of all the pixels simultaneously. In other words, a light
exposure period in which the reset operation and the accu-
mulation period are performed is provided in the lighting
period Tg. Then, similarly, in a period between the end of the
lighting period Tg and the start of the lighting period Tb in
a third frame period, charge reading operation correspond-
ing to green (G) is sequentially performed on the photosen-
sors row by row.

Similarly, in the lighting period Tb in the third frame
period, the reset operation and the accumulation operation
corresponding to blue (B) are performed by the photosensors
of all the pixels simultaneously. In other words, a light
exposure period in which the reset operation and the accu-
mulation period are performed is provided in the lighting
period Tb. Then, similarly, in a period between the end of the
lighting period Tb and the start of the lighting period Tr in
a fifth frame period, charge reading operation corresponding
to blue (B) is sequentially performed on the photosensors
row by row.

Through the above operations, image data corresponding
to the colors can be obtained. Then, color image data can be
obtained by combining the image data corresponding to the
colors.
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Note that another non-lighting period Tk may be added,
and image data may be obtained in that non-lighting period.
By subtracting image data obtained in the non-lighting
period from the image data corresponding to the colors,
high-contrast color image data with less influence of exter-
nal light can be obtained.

In the case of FS operation of the backlight, light sources
of different colors need to be sequentially turned on one after
another so as to emit light, unlike in the case of combining
a light source of a single color with color filters. In addition,
the frequency at which each light source is switched to
another needs to be set higher than the frame frequency in
the case of using a light source of a single color. For
example, when the frame frequency in the case of using a
light source of a single color is 60 Hz, the frequency at
which each light source is switched to another in the case of
performing FS operation using light sources corresponding
to colors of red, green, and blue is approximately 180 Hz
which is about three times as high as the frame frequency.
Thus, a period when the light source of each color emits light
is very short. On the other hand, in one embodiment of the
present invention, an image is taken by a global shutter
method; thus, charge reset operation and accumulation
operation can be performed by all pixels simultaneously.
Accordingly, it can take less time for all pixels to complete
accumulation operation, as compared to the case of using a
rolling shutter method. Therefore, even when a period when
the light source of each color emits light is made short by
employing FS operation, accumulation operation can be
completed by all pixels within the above period.

In addition, the adoption of FS operation eliminates the
need to provide a color filter in each pixel and can increase
use efficiency of light from a backlight. Accordingly, power
consumption of the semiconductor display device can be
reduced. With a single pixel, image data corresponding to
different colors can be obtained, or grayscale levels corre-
sponding to different colors can be displayed; thus, high-
resolution image data can be obtained, or a high-definition
image can be displayed.

Note that the above operation in the periods mentioned
above is the operation of the semiconductor display device
at the time of taking an image. In the case where the
semiconductor display device displays an image, image
signals corresponding to the colors are written to the display
element 121 in the corresponding non-lighting periods Tk.
Then, in the lighting periods, the display element 121 is
made to display grayscale levels corresponding to the colors
according to the image signals. Thus, a color image can be
displayed.

Note that the response time of a liquid crystal from
application of voltage to saturation of the change in trans-
mittance is generally about ten milliseconds. Thus, since the
proportion of the response time of a liquid crystal to the
lighting period is high, a change in the transmittance of a
liquid crystal element tends to be recognized as a blur of a
moving image. However, by providing a period in which
there is a significant change in transmittance of a liquid
crystal and a non-lighting period Tk in parallel, and by
providing a period in which the change in transmittance of
the liquid crystal is saturated and each lighting period in
parallel as described above, the change in transmittance can
be prevented from being recognized and a high-quality
image can be displayed.

(Embodiment 2)

In this embodiment, a configuration of the photosensor
101 which is different from that in FIG. 2A will be
described.

25

30

40

45

55

22

FIG. 11 is a circuit diagram of an example of the photo-
sensor 101. In the photosensor 101 illustrated in FIG. 11, the
amplifier circuit 103 includes a transistor 104, a transistor
105, a transistor 106, and a transistor 107. The transistor 104
controls the supply of current generated in the photodiode
102 to the amplifier circuit 103. In the transistor 105, the
current value or resistance value between a first terminal and
a second terminal thereof is determined by a potential
supplied to the second terminal of the transistor 104. The
transistor 106 functions as a switching element for supplying
a potential of an output signal determined by the current
value or resistance value, to the wiring OUT. The transistor
107 functions to reset the amount of charge accumulated in
the amplifier circuit 103.

Specifically, in FIG. 11, a first terminal of the transistor
104 is connected to the cathode of the photodiode 102, and
a second terminal of the transistor 104 is connected to a gate
electrode of the transistor 105 and a first terminal of the
transistor 107. The first terminal of the transistor 105 and a
second terminal of the transistor 107 are connected to a
wiring VR which is supplied with a high-level power supply
potential VDD. A gate electrode of the transistor 107 is
connected to a wiring RS, and the wiring RS is supplied with
a potential of a signal for controlling the switching of the
transistor 107. The second terminal of the transistor 105 is
connected to a first terminal of the transistor 106. A second
terminal of the transistor 106 is connected to the wiring
OUT. A gate electrode of the transistor 106 is connected to
a wiring SE, and the wiring SE is supplied with a potential
of'a signal for controlling the switching of the transistor 106.

In FIG. 11, a node where the second terminal of the
transistor 104, the first terminal of the transistor 107, and the
gate electrode of the transistor 105 are connected to each
other is denoted by a node FD. The potential of the output
signal is determined by the amount of charge accumulated at
the node FD. In order to hold charge at the node FD more
reliably, a capacitor may be connected to the node FD.

Next, an example of operation of the photosensor 101
illustrated in FIG. 11 will be described. FIG. 12 illustrates a
timing chart of various potentials applied to the photosensor
101 illustrated in FIG. 11, as an example.

Note that in the timing chart illustrated in FIG. 12, for
easy understanding of operation of the photosensor 101, it is
assumed that the wiring TX, the wiring SE, and the wiring
RS are supplied with a high-level potential and a low-level
potential. Specifically, it is assumed that the wiring TX is
supplied with a high-level potential HTX and a low-level
potential LTX; the wiring SE, a high-level potential HSE
and a low-level potential L.SE; and the wiring RS, a high-
level potential HRS and a low-level potential LRS. The
wiring PR is supplied with a low-level power supply poten-
tial VSS.

First, at a time T1, the potential of the wiring TX is
changed from the potential LTX to the potential HTX. When
the potential of the wiring TX is changed to the potential
HTX, the transistor 104 is turned on. Note that at the time
T1, the wiring SE is supplied with the potential LSE, and the
wiring RS is supplied with the potential LRS.

Next, at a time T2, the potential of the wiring RS is
changed from the potential LRS to the potential HRS. When
the potential of the wiring RS is changed to the potential
HRS, the transistor 107 is turned on. At the time T2, the
potential of the wiring TX is kept at the potential HTX, and
the potential of the wiring SE is kept at the potential LSE.
Accordingly, the node FD is supplied with the power supply
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potential VDD; thus, the amount of charge held at the node
FD is reset. A reverse bias voltage is applied to the photo-
diode 102.

Then, at a time T3, the potential of the wiring RS is
changed from the potential HRS to the potential LRS. Until
shortly before the time T3, the potential of the node FD is
kept at the power supply potential VDD. Thus, even after the
potential of the wiring RS is changed to the potential LRS,
a reverse bias voltage continues to be applied to the photo-
diode 102. Then, when light enters the photodiode 102 in
that state, current flows from the cathode of the photodiode
102 toward the anode thereof. The value of the current varies
according to the intensity of light. In other words, as the
intensity of light entering the photodiode 102 increases, the
value of the current increases and the amount of charge
leaking out from the node FD also increases. Conversely, as
the intensity of light entering the photodiode 102 decreases,
the value of the current decreases and the amount of charge
leaking out from the node FD also decreases. Thus, the
higher the intensity of light becomes, the larger the amount
of change in the potential of the node FD becomes; the lower
the intensity of light becomes, the smaller the amount of
change becomes.

Then, at a time T4, when the potential of the wiring TX
is changed from the potential HTX to the potential LTX, the
transistor 104 is turned off. Accordingly, the movement of
charge from the node FD to the photodiode 102 is stopped
and thus the potential of the node FD is determined.

Next, at a time T5, when the potential of the wiring SE is
changed from the potential LSE to the potential HSE, the
transistor 106 is turned on. Then, according to the potential
of the node FD, charge is moved from the wiring VR to the
wiring OUT.

Next, at a time T6, when the potential of the wiring SE is
changed from the potential HSE to the potential LSE, the
movement of charge from the wiring VR to the wiring OUT
is stopped and the potential of the wiring OUT is deter-
mined. The potential of the wiring OUT corresponds to the
potential of the output signal of the photosensor 101. In
addition, the potential of the output signal contains data of
a taken image of an object.

The above-described series of operations can be classified
into a reset operation, an accumulation operation, and a
reading operation. In other words, an operation from the
time T1 to the time T3 corresponds to the reset operation; an
operation from the time T3 to the time T4, the accumulation
operation; and an operation from the time T5 to the time T6,
the reading operation. By performing the reset operation, the
accumulation operation, and the reading operation, image
data can be obtained.

Next, a configuration of the photosensor 101 which is
different from that in FIG. 2A or FIG. 11 will be described.

FIG. 13 is a circuit diagram of an example of the
photosensor 101. In the photosensor 101 illustrated in FIG.
13, the amplifier circuit 103 includes a transistor 104, a
transistor 105, a transistor 106, and a transistor 107. The
transistor 104 controls the supply of current generated in the
photodiode 102 to the amplifier circuit 103. In the transistor
105, the current value or resistance value between a first
terminal and a second terminal thereof is determined by a
potential supplied to the second terminal of the transistor
104. The transistor 106 functions as a switching element for
supplying a potential of an output signal determined by the
current value or resistance value, to the wiring OUT. The
transistor 107 functions to reset the amount of charge
accumulated in the amplifier circuit 103.
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Specifically, in FIG. 13, a first terminal of the transistor
104 is connected to the cathode of the photodiode 102, and
a second terminal of the transistor 104 is connected to a gate
electrode of the transistor 105 and a first terminal of the
transistor 107. The first terminal of the transistor 105 is
connected to a second terminal of the transistor 106, and the
second terminal of the transistor 105 is connected to the
wiring OUT. A first terminal of the transistor 106 and a
second terminal of the transistor 107 are connected to a
wiring VR which is supplied with a high-level power supply
potential VDD. A gate electrode of the transistor 107 is
connected to a wiring RS, and the wiring RS is supplied with
a potential of a signal for controlling the switching of the
transistor 107. A gate electrode of the transistor 106 is
connected to a wiring SE, and the wiring SE is supplied with
a potential of a signal for controlling the switching of the
transistor 106.

In FIG. 13, a node at which the second terminal of the
transistor 104, the first terminal of the transistor 107, and the
gate electrode of the transistor 105 are connected to each
other is denoted by a node FD. The potential of the output
signal is determined by the amount of charge accumulated at
the node FD. In order to hold charge at the node FD more
reliably, a capacitor may be connected to the node FD.

For operation of the photosensor 101 illustrated in FIG.
13, the timing chart illustrated in FIG. 12 can be referred to.

A feature of the photosensor illustrated in FIG. 11 or FIG.
13 is that a channel formation region of the transistor 104
includes a semiconductor whose band gap is wider than that
of silicon and whose intrinsic carrier density is lower than
that of silicon. When a semiconductor material having the
above-described characteristics is included in a channel
formation region, the transistor 104 can have extremely
small off-state current and high withstand voltage. Further,
when the transistor 104 having the above-described structure
is used as a switching element, leakage of charge accumu-
lated in the amplifier circuit 103 can be prevented.

In FIG. 11 or FIG. 13, an oxide semiconductor film may
be used for active layers of the transistor 104, the transistor
105, the transistor 106, and the transistor 107 included in the
amplifier circuit 103. Alternatively, a semiconductor other
than an oxide semiconductor, such as amorphous silicon,
microcrystalline silicon, polycrystalline silicon, single crys-
tal silicon, amorphous germanium, microcrystalline germa-
nium, polycrystalline germanium, or single crystal germa-
nium may be used for active layers of the transistor 104, the
transistor 105, the transistor 106, and the transistor 107.
With the use of an oxide semiconductor film for active layers
of all transistors in the photosensor 101, a manufacturing
process can be simplified. With the use of a semiconductor
material capable of providing higher mobility than an oxide
semiconductor, such as polycrystalline or single crystal
silicon, for active layers of the transistor 105, the transistor
106, and the transistor 107, image data can be read from the
photosensor 101 at high speed.

This embodiment can be implemented in combination
with the above-described embodiment.

(Embodiment 3)

In this embodiment, a method for manufacturing a solid-
state imaging device or a semiconductor display device
according to one embodiment of the present invention,
which has a transistor including silicon and a transistor
including an oxide semiconductor, will be described.

Note that in one embodiment of the present invention, an
oxide semiconductor may be used for a transistor included
in an amplifier circuit, or a general semiconductor such as
germanium, silicon, silicon germanium, or single crystal
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silicon carbide may be used. For example, the transistor
including silicon can be formed using a single crystal
semiconductor substrate such as a silicon wafer or the like,
a silicon thin film which is formed by an SOI method, a
silicon thin film which is formed by a vapor deposition
method, or the like.

First, as illustrated in FIG. 14A, a photodiode 704 and an
n-channel transistor 705 are formed over an insulating
surface of a substrate 700 by a known CMOS fabricating
method. In this embodiment, the case where the photodiode
704 and the n-channel transistor 705 are formed with a
single crystal semiconductor film which is separated from a
single crystal semiconductor substrate is given as an
example.

A specific example of a method for manufacturing the
single crystal semiconductor film will be briefly described.
First, an ion beam including ions which are accelerated by
an electric field is delivered to the single crystal semicon-
ductor substrate and an embrittled layer which is weakened
by local disorder of the crystal structure is formed in a region
at a certain depth from the surface of the semiconductor
substrate. The depth at which the embrittled layer is formed
can be adjusted by the acceleration energy of the ion beam
and the angle at which the ion beam is incident. Then, the
semiconductor substrate and the substrate 700 which is
provided with an insulating film 701 are attached to each
other so that the insulating film 701 is sandwiched therebe-
tween. After the semiconductor substrate and the substrate
700 are overlapped with each other, a pressure of, approxi-
mately, greater than or equal to 1 N/cm? and less than or
equal to 500 N/cm?®, preferably greater than or equal to 11
N/cm? and less than or equal to 20 N/em? is applied to part
of the semiconductor substrate and the substrate 700 to
attach both the substrates. When the pressure is applied,
bonding between the semiconductor substrate and the insu-
lating film 701 starts from the portion, which results in
bonding of the entire surface where the semiconductor
substrate and the insulating film 701 are in close contact with
each other. Subsequently, heat treatment is performed,
whereby microvoids that exist in the embrittled layer are
combined, so that the volume of the microvoids increases.
As a result, the single crystal semiconductor film which is
part of the semiconductor substrate is separated from the
semiconductor substrate along the embrittled layer. The heat
treatment is performed at a temperature not exceeding the
strain point of the substrate 700. Then, the single crystal
semiconductor film is processed into a desired shape by
etching or the like, so that an island-shaped semiconductor
film 702 and an island-shaped semiconductor film 703 can
be formed.

The photodiode 704 is formed using the island-shaped
semiconductor film 702 over the insulating film 701, and the
n-channel transistor 705 is formed using the island-shaped
semiconductor film 703 over the insulating film 701. The
photodiode 704 is a lateral junction type in which a region
727 having p-type conductivity, a region 728 having i-type
conductivity, and a region 729 having n-type conductivity
are formed in the island-shaped semiconductor film 702. The
n-channel transistor 705 includes a gate electrode 707. In
addition, the n-channel transistor 705 includes an insulating
film 708 between the island-shaped semiconductor film 703
and the gate electrode 707.

Note that the region 728 having i-type conductivity refers
to a region of the semiconductor film which contains an
impurity imparting p-type or n-type conductivity at a con-
centration of 1x10?° cm™> or less and has photoconductivity
100 or more times as high as dark conductivity. The region
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728 having i-type conductivity includes, in its category, that
which contains an impurity element belonging to Group 13
or Group 15 of the periodic table. That is, an i-type semi-
conductor has weak n-type electric conductivity when an
impurity element for controlling valence electrons is not
added intentionally. Therefore, the region 728 having i-type
conductivity includes, in its category, that to which an
impurity element imparting p-type conductivity is added
intentionally or unintentionally at the same time of film
formation or after the film formation.

Although there is no particular limitation on a substrate
which can be used as the substrate 700, it is at least
necessary that the substrate have heat resistance sufficient to
withstand heat treatment performed later. For example, a
glass substrate manufactured by a fusion method or a float
method, a quartz substrate, a ceramic substrate, or the like
can be used as the substrate 700. When the temperature of
the heat treatment performed later is high, it is preferable
that a substrate having a strain point of 730° C. or higher be
used as the glass substrate. Further, a metal substrate such as
a stainless-steel substrate or a substrate in which an insu-
lating film is formed over the surface of a silicon substrate
may be used as well. Although a substrate formed of a
flexible synthetic resin such as plastic generally has a lower
heat resistance temperature than the aforementioned sub-
strates, it may be used as long as being resistant to a
processing temperature during manufacturing steps.

Note that although the case where the photodiode 704 and
the n-channel transistor 705 are formed using the single
crystal semiconductor film is described as an example in this
embodiment, the present invention is not limited to this
structure. For example, a polycrystalline or microcrystalline
semiconductor film which is formed over the insulating film
701 by a vapor deposition method may be used. Alterna-
tively, the above semiconductor film may be formed by
being crystallized by a known technique. Known crystalli-
zation techniques include a laser crystallization method
using a laser beam and a crystallization method using a
catalytic element. Alternatively, a combination of a crystal-
lization method using a catalytic element and a laser crys-
tallization method may be used. When a heat-resistant
substrate such as a quartz substrate is used, it is possible to
combine any of the following crystallization methods: a
thermal crystallization method using an electrically heated
furnace, a lamp annealing crystallization method using
infrared light, a crystallization method using a catalytic
element, and a high-temperature annealing method at
approximately 950° C.

Further, in FIG. 14A, after a conductive film is formed
over the insulating film 708, the conductive film is processed
into a desired shape by etching or the like, whereby a wiring
711 as well as the gate electrode 707 is formed.

Next, as illustrated in FIG. 14A, an insulating film 712 is
formed so as to cover the photodiode 704, the n-channel
transistor 705, and the wiring 711. Note that although the
case where a single-layer insulating film is used as the
insulating film 712 is described as an example in this
embodiment, the insulating film 712 is not necessarily a
single-layer film and may be a stacked insulating film
including two ore more layers.

The insulating film 712 is formed using a material which
can withstand the temperature of heat treatment in a later
manufacturing step. Specifically, it is preferable to use
silicon oxide, silicon nitride, silicon nitride oxide, silicon
oxynitride, aluminum nitride, aluminum oxide, or the like
for the insulating film 712.
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In this specification, an oxynitride refers to a substance in
which the amount of oxygen is larger than that of nitrogen,
and a nitride oxide refers to a substance in which the amount
of nitrogen is larger than that of oxygen.

A surface of the insulating film 712 may be planarized by
a CMP method or the like.

Next, as illustrated in FIG. 14A, a gate electrode 713 is
formed over the insulating film 712.

The gate electrode 713 can be formed to have a single-
layer structure or a stacked-layer structure using one or more
conductive films including a metal material such as molyb-
denum, titanium, chromium, tantalum, tungsten, neo-
dymium, or scandium or an alloy material which contains
any of these metal materials as a main component, or a
nitride of any of these metals. Note that aluminum or copper
can also be used as such a metal material as long as it can
withstand the temperature of heat treatment to be performed
in a later step. Aluminum or copper is preferably used in
combination with a refractory metal material in order to
avoid problems with heat resistance and corrosion. As the
refractory metal material, molybdenum, titanium, chro-
mium, tantalum, tungsten, neodymium, scandium, or the
like can be used.

For example, as a two-layer stacked structure of the gate
electrode 713, the following structures are preferable: a
two-layer structure in which a molybdenum film is stacked
over an aluminum film; a two-layer structure in which a
molybdenum film is stacked over a copper film; a two-layer
structure in which a titanium nitride film or a tantalum
nitride film is stacked over a copper film; and a two-layer
structure in which a titanium nitride film and a molybdenum
film are stacked. As a three-layer stacked structure of the
gate electrode 713, the following structure is preferable: a
stacked structure including an aluminum film, an alloy film
of aluminum and silicon, an alloy film of aluminum and
titanium, or an alloy film of aluminum and neodymium as an
intermediate layer and any of a tungsten film, a tungsten
nitride film, a titanium nitride film, and a titanium film as a
top layer and a bottom layer.

Further, a light-transmitting oxide conductive film of
indium oxide, an alloy of indium oxide and tin oxide, an
alloy of indium oxide and zinc oxide, zinc oxide, zinc
aluminum oxide, zinc aluminum oxynitride, zinc gallium
oxide, or the like can also be used as the gate electrode 713.

The thickness of the gate electrode 713 is in the range of
10 nm to 400 nm, preferably 100 nm to 200 nm. In this
embodiment, after a conductive film for the gate electrode is
formed to have a thickness of 150 nm by a sputtering method
using a tungsten target, the conductive film is processed
(patterned) into a desired shape by etching, whereby the gate
electrode 713 is formed. The gate electrode preferably has a
tapered end portion because coverage with a gate insulating
film to be stacked thereover can be improved. Note that a
resist mask may be formed by an inkjet method. Formation
of the resist mask by an inkjet method requires no photo-
mask; thus, manufacturing cost can be reduced.

Next, as illustrated in FIG. 14B, a gate insulating film 714
is formed over the gate electrode 713. The gate insulating
film 714 can be formed to have a single-layer structure or a
stacked-layer structure using one or more films selected
from a silicon oxide film, a silicon nitride film, a silicon
oxynitride film, a silicon nitride oxide film, an aluminum
oxide film, an aluminum nitride film, an aluminum oxyni-
tride film, an aluminum nitride oxide film, a hafhium oxide
film, and a tantalum oxide film formed by a plasma CVD
method, a sputtering method, or the like. It is preferable that
the gate insulating film 714 contains as little impurities such
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as moisture or hydrogen as possible. In the case of forming
a silicon oxide film by a sputtering method, a silicon target
or a quartz target is used as a target, and oxygen or a mixed
gas of oxygen and argon is used as a sputtering gas.

An oxide semiconductor in which impurities are reduced
(a purified oxide semiconductor) is extremely sensitive to an
interface state and interface charge; therefore, the interface
between the purified oxide semiconductor and the gate
insulating film 714 is important. Accordingly, the gate
insulating film (GI) which is in contact with the purified
oxide semiconductor needs to have high quality.

For example, a high-quality insulating film which is dense
and has high withstand voltage can be formed by a high
density plasma CVD method using microwaves (with a
frequency of 2.45 GHz), which is preferable. This is because
when the purified oxide semiconductor and the high-quality
gate insulating film are disposed in close contact with each
other, interface states can be reduced and interface charac-
teristics can be made favorable.

Needless to say, other film formation methods, such as a
sputtering method or a plasma CVD method, can be
employed as long as a high-quality insulating film can be
formed as the gate insulating film 714. A gate insulating film
whose film quality is improved, or an insulating film whose
characteristics of an interface with the oxide semiconductor
are improved, by heat treatment after the formation may be
used. In any case, any insulating film that has a reduced
interface state density and can form a favorable interface
between the gate insulating film and the oxide semiconduc-
tor as well as having favorable film quality as a gate
insulating film can be used.

The gate insulating film 714 may be formed to have a
structure in which an insulating film formed using a material
having a high barrier property and an insulating film having
lower proportion of nitrogen, such as a silicon oxide film or
a silicon oxynitride film, are stacked. In that case, the
insulating film such as a silicon oxide film or a silicon
oxynitride film is formed between the insulating film having
a high barrier property and the oxide semiconductor film. As
the insulating film having a high barrier property, a silicon
nitride film, a silicon nitride oxide film, an aluminum nitride
film, an aluminum nitride oxide film, or the like can be
given, for example. The insulating film having a high barrier
property can prevent impurities in an atmosphere, such as
moisture or hydrogen, or impurities in the substrate, such as
an alkali metal or a heavy metal, from entering the oxide
semiconductor film, the gate insulating film 714, or the
interface between the oxide semiconductor film and another
insulating film and the vicinity thereof. In addition, the
insulating film having a lower proportion of nitrogen, such
as a silicon oxide film or a silicon oxynitride film, in contact
with the oxide semiconductor film can prevent the insulating
film having a high barrier property from being in direct
contact with the oxide semiconductor film.

For example, the gate insulating film 714 may be formed
to have a thickness of 100 nm in the following manner: a
silicon nitride film (SiN,, (y>0)) with a thickness of 50 nm or
more and 200 nm or less is formed by a sputtering method
as a first gate insulating film, and a silicon oxide film (SiO,
(x>0)) with a thickness of 5 nm or more and 300 nm or less
is stacked over the first gate insulating film as a second gate
insulating film. The thickness of the gate insulating film 714
may be set as appropriate depending on characteristics
needed for the transistor and may be about 350 nm to 400
nm.

In this embodiment, the gate insulating film 714 is formed
to have a structure in which a silicon oxide film having a
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thickness of 100 nm formed by a sputtering method is
stacked over a silicon nitride film having a thickness of 50
nm formed by a sputtering method.

Note that the gate insulating film 714 is in contact with the
oxide semiconductor to be formed later. When hydrogen is
contained in the oxide semiconductor, characteristics of the
transistor are adversely affected; therefore, it is preferable
that the gate insulating film 714 do not contain hydrogen, a
hydroxyl group, and moisture. In order that the gate insu-
lating film 714 contains as little hydrogen, hydroxyl group,
and moisture as possible, it is preferable that an impurity
adsorbed on the substrate 700, such as moisture or hydrogen,
be eliminated and removed by preheating the substrate 700,
over which the gate electrode 713 is formed, in a preheating
chamber of a sputtering apparatus, as a pretreatment for film
formation. The temperature for the preheating is in the range
of 100° C. to 400° C., preferably 150° C. to 300° C. As an
exhaustion unit provided in the preheating chamber, a
cryopump is preferable. Note that this preheating treatment
can be omitted.

Next, over the gate insulating film 714, an oxide semi-
conductor film having a thickness of 2 nm to 200 nm,
preferably 3 nm to 50 nm, or more preferably 3 nm to 20 nm
is formed. The oxide semiconductor film is formed by a
sputtering method using an oxide semiconductor target.
Moreover, the oxide semiconductor film can be formed by a
sputtering method in a rare gas (e.g., argon) atmosphere, an
oxygen atmosphere, or a mixed atmosphere of a rare gas
(e.g., argon) and oxygen.

Note that before the oxide semiconductor film is formed
by a sputtering method, reverse sputtering in which an argon
gas is introduced and plasma is generated is preferably
performed to remove dust from a surface of the gate insu-
lating film 714. The reverse sputtering refers to a method in
which, without application of voltage to a target side, an RF
power source is used for application of voltage to a substrate
side in an argon atmosphere to generate plasma in the
vicinity of the substrate and modify a surface. Note that an
atmosphere of nitrogen, helium, or the like may be used
instead of an argon atmosphere. Alternatively, an argon
atmosphere to which oxygen, nitrous oxide, or the like is
added may be used. Alternatively, an argon atmosphere to
which chlorine, carbon tetrafluoride, or the like is added may
be used.

An oxide semiconductor to be used preferably contains at
least indium (In) or zinc (Zn). In particular, In and Zn are
preferably contained. As a stabilizer for reducing changes in
electrical characteristics of a transistor including the oxide
semiconductor, gallium (Ga) is preferably additionally con-
tained. Tin (Sn) is preferably contained as a stabilizer.
Hafnium (Hf) is preferably contained as a stabilizer. Alu-
minum (Al) is preferably contained as a stabilizer. As
another stabilizer, one or plural kinds of lanthanoid such as
lantern (La), cerium (Ce), praseodymium (Pr), neodymium
(Nd), samarium (Sm), europium (Fu), gadolinium (Gd),
terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er),
thulium (Tm), ytterbium (Yb), or lutetium (Lu) may be
contained. Specifically, for the oxide semiconductor film, as
described above, an indium oxide, a tin oxide, a zinc oxide,
a two-component metal oxide such as an In—Z7n-based
oxide, a Sn—Zn-based oxide, an Al—Zn-based oxide, a
Zn—Mg-based oxide, a Sn—Mg-based oxide, an In—Mg-
based oxide, or an In—Ga-based oxide, a three-component
metal oxide such as an In—Ga—Z7n-based oxide (also
referred to as IGZ0), an In—Al—Z/n-based oxide, an In—
Sn—Zn-based oxide, a Sn—Ga—Zn-based oxide, an Al—
Ga—Zn-based oxide, a Sn—Al—Zn-based oxide, an In—
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Hf—Zn-based oxide, an In—La—Zn-based oxide, an
In—Ce—Zn-based oxide, an In—Pr—Zn-based oxide, an
In—Nd—Zn-based oxide, an In—Sm—~Zn-based oxide, an
In—Fu—Zn-based oxide, an In—Gd—Zn-based oxide, an
In—Tb—Z7n-based oxide, an In—Dy—Z7n-based oxide, an
In—Ho—Zn-based oxide, an In—Er—Zn-based oxide, an
In—Tm—Zn-based oxide, an In—Yb—Zn-based oxide, or
an In—Lu—7n-based oxide, a four-component oxide such
as an In—Sn—Ga—Zn-based oxide, an In—Hf—Ga—Zn-
based oxide, an In—Al—Ga—Zn-based oxide, an In—Sn—
Al—Z7n-based oxide, an In—Sn—Hf—Zn-based oxide, or
an In—Hf—Al—7n-based oxide can be used.

In this embodiment, as the oxide semiconductor film, an
In—Ga—7n-based oxide semiconductor thin film with a
thickness of 30 nm, which is obtained by a sputtering
method using a target including indium (In), gallium (Ga),
and zinc (Zn), is used. In the case of forming an In—Ga—
Zn-based oxide semiconductor film by a sputtering method,
it is preferable to use a target of an In—Ga—Zn-based oxide
having an atomic ratio of In:Ga:Zn=1:1:1, 4:2:3, 3:1:2,
1:1:2, 2:1:3, or 3:1:4. When an oxide semiconductor film is
formed using a target of an In—Ga—Zn-based oxide having
the aforementioned atomic ratio, a polycrystal or a c-axis-
aligned crystal (CAAC) is likely to be formed. The filling
rate of the target including In, Ga, and Zn is greater than or
equal to 90% and less than or equal to 100%, preferably
greater than or equal to 95% and less than 100%. With the
use of the target having high filling rate, a dense oxide
semiconductor film is formed.

In the case where an In—Z7n-based oxide material is used
as an oxide semiconductor, a target therefor has a compo-
sition ratio of In:Zn=50:1 to 1:2 in an atomic ratio (In,O;:
Zn0=25:1 to 1:4 in a molar ratio), preferably, In:Zn=20:1 to
1:1 in an atomic ratio (In,O5:Zn0O=10:1 to 1:2 in a molar
ratio), further preferably, In:Zn=15:1 to 1.5:1 in an atomic
ratio (In,05:Zn0=15:2 to 3:4 in a molar ratio). For example,
in a target used for formation of an In—Z7n-based oxide
semiconductor which has an atomic ratio of In:Zn:0—X:
Y:Z, the relation of Z>1.5X+Y is satisfied. The mobility can
be improved by keeping the ratio of Zn within the above
range.

In this embodiment, the oxide semiconductor film is
formed over the substrate 700 in such a manner that the
substrate is held in a treatment chamber kept at reduced
pressure, a sputtering gas from which hydrogen and mois-
ture are removed is introduced into the treatment chamber
while residual moisture therein is removed, and the above
target is used. The substrate temperature in film formation
may be in the range of 100° C. to 600° C., preferably 200°
C. to 400° C. By forming the oxide semiconductor film in a
state where the substrate is heated, the concentration of
impurities included in the formed oxide semiconductor film
can be reduced. In addition, damage by sputtering can be
reduced. In order to remove residual moisture in the treat-
ment chamber, an entrapment vacuum pump is preferably
used. For example, a cryopump, an ion pump, or a titanium
sublimation pump is preferably used. The exhaustion unit
may be a turbo pump provided with a cold trap. In the film
formation chamber which is exhausted with a cryopump, for
example, a hydrogen atom, a compound containing a hydro-
gen atom, such as water (H,O), (preferably, also a com-
pound containing a carbon atom), and the like are removed,
whereby the concentration of an impurity contained in the
oxide semiconductor film formed in the film formation
chamber can be reduced.

As one example of the film formation conditions, the
distance between the substrate and the target is 100 mm, the
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pressure is 0.6 Pa, the direct-current (DC) power source is
0.5 kW, and the atmosphere is an oxygen atmosphere (the
proportion of the oxygen flow rate is 100%). Note that a
pulsed direct-current (DC) power source is preferable
because dust generated in film formation can be reduced and
the film thickness can be made uniform.

In order that the oxide semiconductor film contains as
little hydrogen, hydroxyl group, and moisture as possible, it
is preferable that an impurity adsorbed on the substrate 700,
such as moisture or hydrogen, be eliminated and removed by
preheating the substrate 700 which has been subjected to the
process up to and including the step of forming the gate
insulating film 714, in a preheating chamber of a sputtering
apparatus, as a pretreatment for film formation. The tem-
perature for the preheating is in the range of 100° C. to 400°
C., preferably 150° C. to 300° C. As an exhaustion unit
provided in the preheating chamber, a cryopump is prefer-
able. Note that this preheating treatment can be omitted. This
preheating may be similarly performed on the substrate 700
which has been subjected to the process up to and including
the step of forming conductive films 716 to 721, before the
formation of an insulating film 722 which will be formed
later.

Next, as illustrated in FIG. 14B, the oxide semiconductor
film is processed (patterned) into a desired shape by etching
or the like, whereby an island-shaped oxide semiconductor
film 715 is formed over the gate insulating film 714 in a
position where the island-shaped oxide semiconductor film
715 overlaps with the gate electrode 713.

A resist mask for forming the island-shaped oxide semi-
conductor film 715 may be formed by an inkjet method.
Formation of the resist mask by an inkjet method requires no
photomask; thus, manufacturing cost can be reduced.

Note that etching for forming the island-shaped oxide
semiconductor film 715 may be wet etching, dry etching, or
both dry etching and wet etching. As the etching gas for dry
etching, a gas containing chlorine (a chlorine-based gas such
as chlorine (Cl,), boron trichloride (BCl,), silicon tetrachlo-
ride (SiCly), or carbon tetrachloride (CCly)) is preferably
used. Alternatively, a gas containing fluorine (a fluorine-
based gas such as carbon tetrafluoride (CF,), sulfur
hexafluoride (SFy), nitrogen trifluoride (NF;), or trifluo-
romethane (CHF,)), hydrogen bromide (HBr), oxygen (O,),
any of these gases to which a rare gas such as helium (He)
or argon (Ar) is added, or the like can be used.

As the dry etching method, a parallel-plate reactive ion
etching (RIE) method or an inductively coupled plasma
(ICP) etching method can be used. In order to etch the film
into a desired shape, etching conditions (e.g., the amount of
electric power applied to a coiled electrode, the amount of
electric power applied to an electrode on the substrate side,
and the electrode temperature on the substrate side) need to
be set as appropriate.

As an etchant for wet etching, ITO-07N (produced by
KANTO CHEMICAL CO., INC.) may be used.

Note that it is preferable that reverse sputtering be per-
formed before the formation of a conductive film in a
subsequent step so that a resist residue or the like left over
surfaces of the island-shaped oxide semiconductor film 715
and the gate insulating film 714 is removed.

Note that, in some cases, the oxide semiconductor film
formed by sputtering or the like includes a large amount of
moisture or hydrogen as impurities. Moisture and hydrogen
easily form a donor level and thus serve as impurities in the
oxide semiconductor. Thus, in one embodiment of the
present invention, in order to reduce an impurity such as
moisture or hydrogen in the oxide semiconductor film, heat
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treatment is performed on the oxide semiconductor film 715
in a nitrogen atmosphere, an oxygen atmosphere, an atmo-
sphere of ultra-dry air, or a rare gas (e.g., argon, helium)
atmosphere. It is preferable that the water content in the gas
be 20 ppm or less, preferably 1 ppm or less, further prefer-
ably 10 ppb or less.

By performing heat treatment on the oxide semiconductor
film 715, moisture or hydrogen in the oxide semiconductor
film 715 can be eliminated. Specifically, heat treatment may
be performed at a temperature of 300° C. to 700° C.,
preferably 300° C. to 500° C. For example, heat treatment
may be performed at 500° C. for approximately 3 to 6
minutes. When an RTA method is used for the heat treat-
ment, dehydration or dehydrogenation can be performed in
a short time; therefore, treatment can be performed even at
a temperature higher than the strain point of a glass sub-
strate.

In this embodiment, an electrical furnace that is one of
heat treatment apparatuses is used.

Note that a heat treatment apparatus is not limited to an
electrical furnace, and may include a device for heating a
process object by heat conduction or heat radiation from a
heating element such as a resistance heating element. For
example, a rapid thermal annealing (RTA) apparatus such as
a gas rapid thermal annealing (GRTA) apparatus or a lamp
rapid thermal annealing (LRTA) apparatus can be used. An
LRTA apparatus is an apparatus for heating an object to be
processed by radiation of light (an electromagnetic wave)
emitted from a lamp such as a halogen lamp, a metal halide
lamp, a xenon arc lamp, a carbon arc lamp, a high pressure
sodium lamp, or a high pressure mercury lamp. A GRTA
apparatus is an apparatus for performing heat treatment
using a high-temperature gas. As the gas, an inert gas that
does not react with an object to be processed by heat
treatment, for example, nitrogen or a rare gas such as argon
is used.

In the heat treatment, it is preferable that moisture,
hydrogen, or the like be not contained in nitrogen or a rare
gas such as helium, neon, or argon. Alternatively, the purity
of nitrogen or a rare gas such as helium, neon, or argon
introduced into a heat treatment apparatus is preferably set
to 6N (99.9999%) or more, more preferably 7N
(99.99999%) or more (i.e., the impurity concentration is 1
ppm or less, preferably 0.1 ppm or less).

Through the above-described process, the concentration
of hydrogen in the oxide semiconductor film 715 can be
reduced and the oxide semiconductor film 715 can be
purified. Thus, the oxide semiconductor film can be stabi-
lized. In addition, heat treatment at a temperature of lower
than or equal to the glass transition temperature makes it
possible to form an oxide semiconductor film with a wide
band gap in which the density of carriers generated due to
hydrogen is low. Therefore, the transistor can be manufac-
tured using a large-sized substrate, so that the productivity
can be increased.

Note that in the case where the oxide semiconductor film
is heated, although depending on a material of the oxide
semiconductor film or heating conditions, plate-like crystals
are formed at the surface of the oxide semiconductor film in
some cases. The plate-like crystal is preferably a single
crystal which is c-axis-aligned in a direction substantially
perpendicular to a surface of the oxide semiconductor film.
Even if the plate-like crystals do not form a single crystal
body, each crystal is preferably a polycrystalline body which
is c-axis-aligned in a direction substantially perpendicular to
the surface of the oxide semiconductor film. In the above-
described polycrystalline body, in addition to being c-axis-
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aligned, the crystals preferably have identical a-b planes,
a-axes, or b-axes. Note that when a base surface of the oxide
semiconductor film is uneven, a plane-like crystal is a
polycrystalline body. Therefore, the surface of the base is
preferably as even as possible.

Next, the insulating film 708, the insulating film 712, and
the gate insulating film 714 are partly etched, whereby
contact holes reaching the island-shaped semiconductor film
702, the island-shaped semiconductor film 703, and the
wiring 711 are formed.

Then, a conductive film is formed so as to cover the oxide
semiconductor film 715 by a sputtering method or a vacuum
evaporation method. After that, the conductive film is pat-
terned by etching or the like, so that the conductive films 716
to 721 which each function as a source electrode, a drain
electrode, or a wiring are formed as illustrated in FIG. 14C.

Note that the conductive films 716 and 717 are in contact
with the island-shaped semiconductor film 702. The con-
ductive films 718 and 719 are in contact with the island-
shaped semiconductor film 703. The conductive film 720 is
in contact with the wiring 711 and the oxide semiconductor
film 715. The conductive film 721 is in contact with the
oxide semiconductor film 715.

As a material of the conductive film for forming the
conductive films 716 to 721, any of the following materials
can be used: an element selected from aluminum, chromium,
copper, tantalum, titanium, molybdenum, or tungsten; an
alloy including any of these elements; an alloy film includ-
ing the above elements in combination; or the like. Alter-
natively, a structure may be employed in which a film of a
refractory metal such as chromium, tantalum, titanium,
molybdenum, or tungsten is stacked over or under a metal
film of aluminum, copper, or the like. Aluminum or copper
is preferably used in combination with a refractory metal
material in order to avoid problems with heat resistance and
corrosion. As the refractory metal material, molybdenum,
titanium, chromium, tantalum, tungsten, neodymium, scan-
dium, yttrium, or the like can be used.

Further, the conductive film may have a single-layer
structure or a stacked-layer structure including two or more
layers. For example, a single-layer structure of an aluminum
film containing silicon; a two-layer structure including a
titanium film over an aluminum film; a three-layer structure
in which a titanium film, an aluminum film, and a titanium
film are stacked in this order; and the like can be given.

The conductive film for forming the conductive films 716
to 721 may be formed using a conductive metal oxide. As the
conductive metal oxide, indium oxide, tin oxide, zinc oxide,
an alloy of indium oxide and tin oxide, an alloy of indium
oxide and zinc oxide, or any of the metal oxide materials
containing silicon or silicon oxide can be used.

In the case where heat treatment is performed after
formation of the conductive film, the conductive film pref-
erably has heat resistance sufficient to withstand the heat
treatment.

Note that the material and etching conditions are adjusted
as appropriate so that the oxide semiconductor film 715 is
not removed in etching of the conductive film as much as
possible. Depending on the etching conditions, there are
some cases in which an exposed portion of the island-shaped
oxide semiconductor film 715 is partly etched and thus a
groove (a depression portion) is formed.

In this embodiment, a titanium film is used as the con-
ductive film. Therefore, the conductive film can be selec-
tively etched by wet etching by using a solution (an ammo-
nia hydrogen peroxide mixture) containing ammonia and
hydrogen peroxide water; however, the oxide semiconductor
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film 715 is also partly etched in some cases. As the ammonia
hydrogen peroxide mixture, specifically, a solution in which
hydrogen peroxide water of 31 wt %, ammonia water of 28
wt %, and water are mixed at a volume ratio of 5:2:2 is used.
Alternatively, the conductive film may be etched by dry
etching by using a gas containing chlorine (Cl,), boron
trichloride (BCl;), or the like.

In order to reduce the number of photomasks and steps in
a photolithography process, etching may be performed with
the use of a resist mask formed using a multi-tone mask
which is a light-exposure mask through which light is
transmitted so as to have a plurality of intensities. A resist
mask formed with the use of a multi-tone mask has a
plurality of thicknesses and further can be changed in shape
by etching; therefore, the resist mask can be used in a
plurality of etching steps for processing into different pat-
terns. Therefore, a resist mask corresponding to at least two
kinds of different patterns can be formed by one multi-tone
mask. Thus, the number of light-exposure masks can be
reduced and the number of corresponding photolithography
steps can also be reduced, whereby simplification of the
process can be realized.

Next, plasma treatment is performed using a gas such as
N,O, N,, or Ar. By this plasma treatment, water or the like
adhering to an exposed surface of the oxide semiconductor
film is removed. Plasma treatment may be performed using
a mixture gas of oxygen and argon as well.

After the plasma treatment, as illustrated in FIG. 14C, the
insulating film 722 is formed so as to cover the conductive
films 716 to 721 and the oxide semiconductor film 715. The
insulating film 722 preferably contains as little impurities
such as moisture, hydrogen, and oxygen as possible. An
insulating film of a single layer or a plurality of insulating
films stacked may be employed as the insulating film 722.
When hydrogen is contained in the insulating film 722, entry
of the hydrogen into the oxide semiconductor film or extrac-
tion of oxygen from the oxide semiconductor film by the
hydrogen occurs, whereby a back channel portion of the
oxide semiconductor film has lower resistance (n-type con-
ductivity); thus, a parasitic channel might be formed. There-
fore, it is important that a film formation method in which
hydrogen is not used be employed in order to form the
insulating film 722 containing as little hydrogen as possible.
A material having a high barrier property is preferably used
for the insulating film 722. For example, as the insulating
film having a high barrier property, a silicon nitride film, a
silicon nitride oxide film, an aluminum nitride film, an
aluminum nitride oxide film, or the like can be used. When
a plurality of insulating films stacked is used, an insulating
film having a lower proportion of nitrogen such as a silicon
oxide film or a silicon oxynitride film is formed on the side
closer to the oxide semiconductor film 715 than the insu-
lating film having a high barrier property. Then, the insu-
lating film having a high barrier property is formed so as to
overlap with the conductive films 716 to 721 and the oxide
semiconductor film 715 with the insulating film having a
lower proportion of nitrogen sandwiched therebetween.
When the insulating film having a high barrier property is
used, impurities such as moisture or hydrogen can be
prevented from entering the oxide semiconductor film 715,
the gate insulating film 714, or the interface between the
oxide semiconductor film 715 and another insulating film
and the vicinity thereof. In addition, the insulating film
having a lower proportion of nitrogen such as a silicon oxide
film or a silicon oxynitride film formed in contact with the
oxide semiconductor film 715 can prevent the insulating film
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formed using a material having a high barrier property from
being in direct contact with the oxide semiconductor film
715.

In this embodiment, the insulating film 722 is formed to
have a structure in which a silicon nitride film having a
thickness of 100 nm formed by a sputtering method is
stacked over a silicon oxide film having a thickness of 200
nm formed by a sputtering method. The substrate tempera-
ture in film formation may be higher than or equal to room
temperature and lower than or equal to 300° C., and is 100°
C. in this embodiment.

After the insulating film 722 is formed, heat treatment
may be performed. The heat treatment is performed in a
nitrogen atmosphere, an atmosphere of ultra-dry air, or a rare
gas (e.g., argon, helium) atmosphere preferably at a tem-
perature in the range of 200° C. to 400° C., for example,
250° C. to 350° C. It is preferable that the water content in
the gas be 20 ppm or less, preferably 1 ppm or less, further
preferably 10 ppb or less. In this embodiment, for example,
heat treatment is performed at 250° C. in a nitrogen atmo-
sphere for 1 hour. Furthermore, RTA treatment for a short
time at a high temperature may be performed before the
formation of the conductive films 716 to 721 in a manner
similar to that of the previous heat treatment performed on
the oxide semiconductor film to reduce moisture or hydro-
gen. Even when oxygen defects are generated in the oxide
semiconductor film 715 by the previous heat treatment
performed on the oxide semiconductor film by performing
heat treatment after providing the insulating film 722 con-
taining oxygen, oxygen is supplied to the oxide semicon-
ductor film 715 from the insulating film 722. By supplying
oxygen to the oxide semiconductor film 715, oxygen defects
that serve as donors can be reduced in the oxide semicon-
ductor film 715 and the stoichiometric ratio can be satisfied.
It is preferable that the proportion of oxygen in the oxide
semiconductor film 715 be higher than that in the stoichio-
metric composition. As a result, the oxide semiconductor
film 715 can be made to be substantially i-type and variation
in electrical characteristics of the transistor due to oxygen
defects can be reduced; thus, electrical characteristics can be
improved. The timing of this heat treatment is not particu-
larly limited as long as it is after the formation of the
insulating film 722. When this heat treatment doubles as
another step such as heat treatment for formation of a resin
film or heat treatment for reduction of the resistance of a
transparent conductive film, the oxide semiconductor film
715 can be made to be substantially i-type without the
number of steps increased.

Moreover, the oxygen defects that serve as donors in the
oxide semiconductor film 715 may be reduced by subjecting
the oxide semiconductor film 715 to heat treatment in an
oxygen atmosphere so that oxygen is added to the oxide
semiconductor. The heat treatment is performed at a tem-
perature of, for example, higher than or equal to 100° C. and
lower than 350° C., preferably higher than or equal to 150°
C. and lower than 250° C. It is preferable that an oxygen gas
used for the heat treatment in an oxygen atmosphere do not
include water, hydrogen, or the like. Alternatively, the purity
of'the oxygen gas which is introduced into the heat treatment
apparatus is preferably greater than or equal to 6N
(99.9999%) or more, further preferably greater than or equal
to 7N (99.99999%) (that is, the impurity concentration in the
oxygen gas is less than or equal to 1 ppm, preferably less
than or equal to 0.1 ppm).

Alternatively, oxygen may be added to the oxide semi-
conductor film 715 by an ion implantation method, an ion
doping method, or the like to reduce oxygen defects serving
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as donors. For example, oxygen which is made into a plasma
state with a microwave at 2.45 GHz may be added to the
oxide semiconductor film 715.

Note that a back gate electrode may be formed in a
position overlapping with the oxide semiconductor film 715
by forming a conductive film over the insulating film 722
and then patterning the conductive film. In the case where
the back gate electrode is formed, an insulating film is
preferably formed to cover the back gate electrode. The back
gate electrode can be formed using a material and a structure
similar to those of the gate electrode 713 or the conductive
films 716 to 721.

The thickness of the back gate electrode is in the range of
10 nm to 400 nm, preferably 100 nm to 200 nm. For
example, the back gate electrode may be formed in a such
a manner that a conductive film in which a titanium film, an
aluminum film, and a titanium film are stacked is formed, a
resist mask is formed by a photolithography method or the
like, and unnecessary portions are removed by etching so
that the conductive film is processed (patterned) into a
desired shape.

Through the above-described process, a transistor 724 is
formed.

The transistor 724 includes the gate electrode 713, the
gate insulating film 714 over the gate electrode 713, the
oxide semiconductor film 715 which is over the gate insu-
lating film 714 and overlaps with the gate electrode 713, and
a pair of the conductive films 720 and 721 formed over the
oxide semiconductor film 715. Further, the transistor 724
may include the insulating film 722 as its component. The
transistor 724 illustrated in FIG. 14C has a channel-etched
structure in which part of the oxide semiconductor film 715
between the conductive film 720 and the conductive film
721 is etched.

Although the transistor 724 is described as a single-gate
transistor, a multi-gate transistor including a plurality of
channel formation regions can be manufactured when a
plurality of gate electrodes 713 electrically connected to
each other is included, if needed.

This embodiment can be implemented in combination
with any of the above-described embodiments.
(Embodiment 4)

In this embodiment, a transistor which includes an oxide
semiconductor and has a structure different from that in
Embodiment 3 will be described.

A solid-state imaging device or a semiconductor display
device illustrated in FIG. 15A includes the photodiode 704
and the n-channel transistor 705 as in Embodiment 3. In
addition, a bottom-gate transistor 724 which includes an
oxide semiconductor film and has a channel-protective
structure is formed over the photodiode 704 and the n-chan-
nel transistor 705 in FIG. 15A.

The transistor 724 includes a gate electrode 730 formed
over the insulating film 712, a gate insulating film 731 over
the gate electrode 730, an oxide semiconductor film 732
over the gate insulating film 731 and overlapping with the
gate electrode 730, a channel protective film 733 over the
oxide semiconductor film 732 and in a position overlapping
with the gate electrode 730, a conductive film 734 and a
conductive film 735 formed over the oxide semiconductor
film 732. The transistor 724 may further include, as its
component, an insulating film 736 formed over the conduc-
tive film 734, the conductive film 735, and the channel
protective film 733.

The channel protective film 733 can prevent a portion of
the oxide semiconductor film 732, which serves as a channel
formation region, from being damaged in a later step, for
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example, a reduction in thickness due to plasma or an
etchant in etching. Therefore, reliability of the transistor can
be improved.

The channel protective film 733 can be formed using an
inorganic material containing oxygen (such as silicon oxide,
silicon nitride oxide, silicon oxynitride, aluminum oxide,
aluminum nitride oxide). The channel protective film 733
can be formed by a vapor deposition method such as a
plasma CVD method or a thermal CVD method, or a
sputtering method. After the formation of the channel pro-
tective film 733, the shape thereof is processed by etching.
Here, the channel protective film 733 is formed in such a
manner that a silicon oxide film is formed by a sputtering
method and processed by etching using a mask formed by
photolithography.

An inorganic material containing oxygen is used for the
channel protective film 733, whereby a structure can be
provided in which oxygen is supplied from the channel
protective film 733 to the oxide semiconductor film 732 and
oxygen defects serving as donors are reduced to satisty the
stoichiometric composition even when the oxygen defects
are generated in the oxide semiconductor film 732 by heat
treatment performed to reduce moisture or hydrogen. It is
preferable that the proportion of oxygen in the oxide semi-
conductor film 732 be higher than that in the stoichiometric
composition. Thus, the channel formation region can be
made to be close to i-type and a variation in electrical
characteristics of the transistor 724 due to oxygen defects
can be reduced; accordingly, the electrical characteristics
can be improved.

A solid-state imaging device or a semiconductor display
device illustrated in FIG. 15B includes a photodiode 704
including crystalline silicon and an n-channel transistor 705
as in Embodiment 3. In addition, a bottom-contact transistor
724 including an oxide semiconductor film is formed over
the photodiode 704 and the n-channel transistor 705 in FIG.
15B.

The transistor 724 includes a gate electrode 741 formed
over the insulating film 712, a gate insulating film 742 over
the gate electrode 741, a conductive film 743 and a conduc-
tive film 744 over the gate insulating film 742, and an oxide
semiconductor film 745 overlapping with the gate electrode
741 with the gate insulating film 742 sandwiched therebe-
tween. The transistor 724 may further include, as its com-
ponent, an insulating film 746 formed over the oxide semi-
conductor film 745.

Note that the transistor 724 described in this embodiment
may further include a back gate electrode.

This embodiment can be implemented in combination
with any of the above-described embodiments.
(Embodiment 5)

In this embodiment, structural examples of a transistor
will be described. Note that the same portions as those in the
above embodiments or the portions having functions similar
to those in the above embodiments can be formed in a
manner similar to those of the above embodiments. The
same steps as those in the above embodiments and steps
similar to those in the above embodiments can be conducted
in a manner similar to those of the above embodiments.
Therefore, the descriptions thereof are not repeated in this
embodiment. In addition, detailed description of the same
portion is not repeated, either.

A transistor 2450 illustrated in FIG. 19A includes a gate
electrode 2401 over a substrate 2400, a gate insulating film
2402 over the gate electrode 2401, an oxide semiconductor
film 2403 over the gate insulating film 2402, and a source
electrode 24054 and a drain electrode 24055 over the oxide
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semiconductor film 2403. An insulating film 2407 is formed
over the oxide semiconductor film 2403, the source elec-
trode 2405a, and the drain electrode 24055. An insulating
film 2409 may be formed over the insulating film 2407. The
transistor 2450 is a bottom-gate transistor and is also an
inverted staggered transistor.

A transistor 2460 illustrated in FIG. 19B includes a gate
electrode 2401 over a substrate 2400, a gate insulating film
2402 over the gate electrode 2401, an oxide semiconductor
film 2403 over the gate insulating film 2402, a channel
protective film 2406 over the oxide semiconductor film
2403, and a source electrode 24054 and a drain electrode
24055 over the channel protective film 2406 and the oxide
semiconductor film 2403. An insulating film 2409 may be
formed over the source electrode 2405a and the drain
electrode 24055. The transistor 2460 is a bottom-gate tran-
sistor called a channel-protective type (also referred to as a
channel-stop type) transistor and is also an inverted stag-
gered transistor. The channel protective film 2406 can be
formed using a material and a method similar to those of
other insulating films.

A transistor 2470 illustrated in FIG. 19C includes a base
film 2436 over a substrate 2400, an oxide semiconductor
film 2403 over the base film 2436, a source electrode 2405a
and a drain electrode 24055 over the oxide semiconductor
film 2403 and the base film 2436, a gate insulating film 2402
over the oxide semiconductor film 2403, the source elec-
trode 2405a, and the drain electrode 24056, and a gate
electrode 2401 over the gate insulating film 2402. An
insulating film 2409 may be formed over the gate electrode
2401. The transistor 2470 is a top-gate transistor.

A transistor 2480 illustrated in FIG. 19D includes a gate
electrode 2411 over a substrate 2400, a first gate insulating
film 2413 over the gate electrode 2411, an oxide semicon-
ductor film 2403 over the first gate insulating film 2413, and
a source electrode 2405a and a drain electrode 24055 over
the oxide semiconductor film 2403 and the first gate insu-
lating film 2413. A second gate insulating film 2414 is
formed over the oxide semiconductor film 2403, the source
electrode 24054, and the drain electrode 24055, and a back
gate electrode 2412 is formed over the second gate insulat-
ing film 2414. An insulating film 2409 may be formed over
the back gate electrode 2412.

The transistor 2480 has a structure which is a combination
of the transistor 2450 and the transistor 2470.

By changing the potential of the back gate electrode, the
threshold voltage of the transistor can be changed. The back
gate electrode is formed so as to overlap with a channel
formation region in the oxide semiconductor film 2403.
Further, the back gate electrode may be electrically insulated
and in a floating state, or may be in a state where the back
gate electrode is supplied with a potential. In the latter case,
the back gate electrode may be supplied with a potential at
the same level as that of the gate electrode, or may be
supplied with a fixed potential such as a ground potential. By
controlling the level of the potential supplied to the back
gate electrode, the threshold voltage of the transistor can be
controlled.

When the oxide semiconductor film 2403 is completely
covered with the back gate electrode, the source electrode
2405a, and the drain electrode 24054, light from the back
gate electrode side can be prevented from entering the oxide
semiconductor film 2403. Therefore, photodegradation of
the oxide semiconductor film 2403 can be prevented and
deterioration of characteristics such as a shift of the thresh-
old voltage of the transistor can be prevented.
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Insulating films in contact with the oxide semiconductor
film 2403 (in this embodiment, corresponding to the gate
insulating film 2402, the insulating film 2407, the channel
protective film 2406, the base film 2436, the first gate
insulating film 2413, and the second gate insulating film
2414) are preferably formed using an insulating material
containing a Group 13 element and oxygen. Many of oxide
semiconductor materials contain a Group 13 element, and an
insulating material containing a Group 13 element works
well with oxide semiconductors. By using an insulating
material containing a Group 13 element for an insulating
film in contact with the oxide semiconductor, an interface
with the oxide semiconductor can keep a favorable state.

An insulating material containing a Group 13 element
refers to an insulating material containing one or more
Group 13 elements. As the insulating material containing a
Group 13 element, gallium oxide, aluminum oxide, alumi-
num gallium oxide, gallium aluminum oxide, or the like can
be given as an example. Here, aluminum gallium oxide
refers to a material in which the amount of aluminum is
larger than that of gallium in atomic percent, and gallium
aluminum oxide refers to a material in which the amount of
gallium is larger than or equal to that of aluminum in atomic
percent.

For example, in the case of forming an insulating film in
contact with an oxide semiconductor film containing gal-
lium, a material containing gallium oxide may be used for an
insulating film, so that favorable characteristics can be kept
at the interface between the oxide semiconductor film and
the insulating film. When the oxide semiconductor film and
the insulating film containing gallium oxide are provided in
contact with each other, pile-up of hydrogen at the interface
between the oxide semiconductor film and the insulating
film can be suppressed, for example. Note that a similar
effect can be obtained in the case where an element belong-
ing to the same group as a constituent element of the oxide
semiconductor is used for an insulating film. For example, it
is effective to form an insulating film with the use of a
material containing aluminum oxide. Note that aluminum
oxide has a property of not easily transmitting water. Thus,
it is preferable to use a material containing aluminum oxide
in terms of preventing entry of water into the oxide semi-
conductor film.

The insulating material of the insulating film in contact
with the oxide semiconductor film 2403 is preferably made
to contain oxygen in a proportion higher than that in the
stoichiometric composition by heat treatment in an oxygen
atmosphere or by oxygen doping. “Oxygen doping” refers to
adding oxygen into a bulk. Note that the term “bulk” is used
in order to clarify that oxygen is added not only to a surface
of a thin film but also to the inside of the thin film. In
addition, “oxygen doping” includes oxygen plasma doping
in which oxygen plasma is added to a bulk. The oxygen
doping may be performed by an ion implantation method or
an ion doping method.

For example, in the case where the insulating film in
contact with the oxide semiconductor film 2403 is formed
using gallium oxide, the composition of gallium oxide can
be set to be Ga,O, (x=3+a, 0<a<1) by heat treatment in an
oxygen atmosphere or by oxygen doping.

In the case where the insulating film in contact with the
oxide semiconductor film 2403 is formed using aluminum
oxide, the composition of aluminum oxide can be set to be
ALO, (x=3+a, 0<a<l) by heat treatment in an oxygen
atmosphere or by oxygen doping.

In the case where the insulating film in contact with the
oxide semiconductor film 2403 is formed using gallium
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aluminum oxide (aluminum gallium oxide), the composition
of gallium aluminum oxide (aluminum gallium oxide) can
be setto be Ga, Al,_O;,, (0<x<2, 0<a<1) by heat treatment
in an oxygen atmosphere or by oxygen doping.

By oxygen doping, an insulating film which includes a
region where the proportion of oxygen is higher than that in
the stoichiometric composition can be formed. When the
insulating film including such a region is in contact with the
oxide semiconductor film, excess oxygen in the insulating
film is supplied to the oxide semiconductor film, and oxygen
defects in the oxide semiconductor film or at an interface
between the oxide semiconductor film and the insulating
film are reduced. Thus, the oxide semiconductor film can be
made to be an i-type or substantially i-type oxide semicon-
ductor.

Note that the insulating film which includes a region
where the proportion of oxygen is higher than that in the
stoichiometric composition may be applied to either the
insulating film located on the upper side of the oxide
semiconductor film or the insulating film located on the
lower side of the oxide semiconductor film of the insulating
films in contact with the oxide semiconductor film 2403;
however, it is preferable to apply such an insulating film to
both of the insulating films in contact with the oxide
semiconductor film 2403. The above-described effect can be
enhanced with a structure where the oxide semiconductor
film 2403 is sandwiched between the insulating films which
each include a region where the proportion of oxygen is
higher than that in the stoichiometric composition, which are
used as the insulating films in contact with the oxide
semiconductor film 2403 and located on the upper side and
the lower side of the oxide semiconductor film 2403.

The insulating films on the upper side and the lower side
of the oxide semiconductor film 2403 may contain the same
constituent elements or different constituent elements. For
example, the insulating films on the upper side and the lower
side may be both formed using gallium oxide whose com-
position is Ga,O, (x=3+a, 0<a<l). Alternatively, one of the
insulating films on the upper side and the lower side may be
formed using Ga,O, (x=3+a, 0<a<1) and the other may be
formed using aluminum oxide whose composition is Al,O,
(x=3+a, 0<a<l).

The insulating film in contact with the oxide semicon-
ductor film 2403 may be formed by stacking insulating films
which each include a region where the proportion of oxygen
is higher than that in the stoichiometric composition. For
example, the insulating film on the upper side of the oxide
semiconductor film 2403 may be formed as follows: gallium
oxide whose composition is Ga,0, (x=3+a, 0<o<l) is
formed and gallium aluminum oxide (aluminum gallium
oxide) whose composition is Ga, Al,_ O, (0<x<2, 0<a<1)
is formed thereover. Note that the insulating film on the
lower side of the oxide semiconductor film 2403 may be
formed by stacking insulating films which each include a
region where the proportion of oxygen is higher than that in
the stoichiometric composition. Further, both of the insulat-
ing films on the upper side and the lower side of the oxide
semiconductor film 2403 may be formed by stacking insu-
lating films which each include a region where the propor-
tion of oxygen is higher than that in the stoichiometric
composition.

This embodiment can be implemented in combination
with any of the above-described embodiments.

EXAMPLE 1

In this example, the arrangement of a panel and a back-
light in a semiconductor display device according to one
embodiment of the present invention will be described.
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FIG. 17 is an example of a perspective view illustrating a
structure of a semiconductor display device according to one
embodiment of the present invention. The semiconductor
display device illustrated in FIG. 17 includes a panel 1601
in which a pixel including a display element and a photo-
sensor is formed between a pair of substrates, a first diffuser
plate 1602, a prism sheet 1603, a second diffuser plate 1604,
a light guide plate 1605, a reflective plate 1606, a backlight
1608 including a plurality of light sources 1607, and a circuit
board 1609.

The panel 1601, the first diffuser plate 1602, the prism
sheet 1603, the second diffuser plate 1604, the light guide
plate 1605, and the reflective plate 1606 are sequentially
stacked. The light sources 1607 are provided at an end
portion of the light guide plate 1605. Light from the light
source 1607 is diffused inside the light guide plate 1605 and
is uniformly delivered to the panel 1601 from the counter
substrate side with the help of the first diffuser plate 1602,
the prism sheet 1603, and the second diffuser plate 1604.

Although the first diffuser plate 1602 and the second
diffuser plate 1604 are used in this example, the number of
diffuser plates is not limited thereto. The number of diffuser
plates may be one, or may be three or more. The diffuser
plate may be provided between the light guide plate 1605
and the panel 1601. Therefore, the diffuser plate may be
provided only on the side closer to the panel 1601 than the
prism sheet 1603, or may be provided only on the side closer
to the light guide plate 1605 than the prism sheet 1603.

Further, the cross section of the prism sheet 1603 is not
limited to a sawtooth shape illustrated in FIG. 17. The prism
sheet 1603 may have any shape as long as light from the
light guide plate 1605 can be concentrated on the panel 1601
side.

The circuit board 1609 is provided with a circuit for
generating or processing various signals to be input to the
panel 1601, a circuit for processing various signals output
from the panel 1601, and the like. In addition, the circuit
board 1609 and the panel 1601 are connected to each other
via a flexible printed circuit (FPC) 1611 in FIG. 17. Note that
the above circuit may be connected to the panel 1601 by a
chip on glass (COG) method, or part of the above circuit
may be connected to the FPC 1611 by a chip on film (COF)
method.

FIG. 17 illustrates an example in which a control circuit
for controlling the driving of the light sources 1607 is
provided for the circuit board 1609, and the control circuit
and the light sources 1607 are connected to each other via an
FPC 1610. Note that the above-described control circuit may
be formed in the panel 1601, in which case the panel 1601
and the light sources 1607 are connected to each other via an
FPC or the like.

The plurality of light sources 1607 emits light of different
colors. As the light sources 1607, light-emitting elements
such as an LED (Light Emitting Diode) or an OLED
(Organic Light Emitting Diode) can be used.

Although FIG. 17 illustrates an edge-light type light
source in which the light sources 1607 are provided at an end
portion of the panel 1601, a semiconductor display device
according to one embodiment of the present invention may
be a direct-below type in which the light sources 1607 are
provided directly below the panel 1601.

For example, when a finger 1612 which is an object to be
detected is placed close to the panel 1601, part of light that
has been emitted from the backlight 1608 and passed
through the panel 1601 reflects off the finger 1612 and enters
the panel 1601 again. Color image data of the finger 1612
which is the object to be detected can be obtained by
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sequentially turning on the light sources 1607 corresponding
to individual colors and obtaining image data of every color.

This example can be implemented in combination with
any of the above-described embodiments.

EXAMPLE 2

Features of a solid-state imaging device or a semiconduc-
tor display device according to one embodiment of the
present invention are that high-resolution image data can be
obtained because FS operation is performed, and that high-
quality image data of a moving object can also be obtained
because a global shutter method is employed. Therefore, an
electronic device including the solid-state imaging device or
the semiconductor display device according to one embodi-
ment of the present invention can be equipped with a more
highly functional application by additionally including the
solid-state imaging device or the semiconductor display
device as a component. Another feature of a solid-state
imaging device or a semiconductor display device according
to one embodiment of the present invention is that power
consumption is low because FS operation is performed.
Therefore, an electronic device including the solid-state
imaging device or the semiconductor display device accord-
ing to one embodiment of the present invention can be made
to consume less power by additionally including the solid-
state imaging device or the semiconductor display device as
a component.

The solid-state imaging device or the semiconductor
device according to one embodiment of the present inven-
tion can be used for display devices, notebook personal
computers, or image reproducing devices provided with
recording media (typically, devices which reproduce the
content of recording media such as digital versatile discs
(DVDs) and have displays for displaying the reproduced
images). Other examples of electronic devices which can be
provided with the solid-state imaging device or the semi-
conductor display device according to one embodiment of
the present invention include mobile phones, portable game
machines, portable information terminals, electronic books,
video cameras, digital still cameras, goggle-type displays
(head mounted displays), navigation systems, audio repro-
ducing devices (e.g., car audio systems and digital audio
players), copiers, facsimiles, printers, multifunction printers,
automated teller machines (ATM), vending machines, and
the like. FIGS. 18A to 18E illustrate specific examples of
these electronic devices.

FIG. 18A illustrates a display device including a housing
5001, a display portion 5002, a supporting base 5003, and
the like. The semiconductor display device according to one
embodiment of the present invention can be used for the
display portion 5002. The use of the semiconductor display
device according to one embodiment of the present inven-
tion for the display portion 5002 can provide a display
device capable of obtaining high-resolution, high-quality
image data and being equipped with more highly functional
applications. The use of the semiconductor display device
according to one embodiment of the present invention for
the display portion 5002 can reduce power consumption of
the display device. Note that the display device includes all
devices for displaying information such as for a personal
computer, for receiving TV broadcasting, and for displaying
an advertisement.

FIG. 18B illustrates a portable information terminal
including a housing 5101, a display portion 5102, operation
keys 5103, and the like. The semiconductor display device
according to one embodiment of the present invention can
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be used for the display portion 5102. The use of the
semiconductor display device according to one embodiment
of the present invention for the display portion 5102 can
provide a portable information terminal capable of obtaining
high-resolution, high-quality image data and being equipped
with more highly functional applications. The use of the
semiconductor display device according to one embodiment
of the present invention for the display portion 5102 can
reduce power consumption of the portable information ter-
minal.

FIG. 18C illustrates an automated teller machine includ-
ing a housing 5201, a display portion 5202, a coin slot 5203,
a bill slot 5204, a card slot 5205, a bankbook slot 5206, and
the like. The semiconductor display device according to one
embodiment of the present invention can be used for the
display portion 5202. The use of the semiconductor display
device according to one embodiment of the present inven-
tion for the display portion 5202 can provide an automated
teller machine capable of obtaining high-resolution, high-
quality image data and being equipped with more highly
functional applications. The use of the semiconductor dis-
play device according to one embodiment of the present
invention for the display portion 5202 can reduce power
consumption of the automated teller machine. The auto-
mated teller machine including the semiconductor display
device according to one embodiment of the present inven-
tion can read biometric information such as a finger print, a
face, a handprint, a palm print, a pattern of a hand vein, an
iris, and the like which are used for biometric authentication
with higher accuracy. Therefore, a false non-match rate
which is the rate at which a person who should be authen-
ticated is recognized as a different person and a false
acceptance rate which is the rate at which a different person
is authenticated as a person who should be authenticated can
be suppressed in biometric authentication.

FIG. 18D illustrates a portable game machine including a
housing 5301, a housing 5302, a display portion 5303, a
display portion 5304, a microphone 5305, a speaker 5306, an
operation key 5307, a stylus 5308, and the like. The semi-
conductor display device according to one embodiment of
the present invention can be used for the display portion
5303 or the display portion 5304. The use of the semicon-
ductor display device according to one embodiment of the
present invention for the display portion 5303 or the display
portion 5304 can provide a portable game machine capable
of obtaining high-resolution, high-quality image data and
being equipped with more highly functional applications.
The use of the semiconductor display device according to
one embodiment of the present invention for the display
portion 5303 or the display portion 5304 can reduce power
consumption of the portable game machine. Note that
although the portable game machine illustrated in FIG. 18D
includes the two display portions 5303 and 5304, the number
of display portions included in the portable game machine is
not limited to two.

FIG. 18E illustrates a mobile phone including a housing
5401, a display portion 5402, an audio input portion 5403,
an audio output portion 5404, operation keys 5405, a light-
receiving portion 5406, and the like. Light received by the
light-receiving portion 5406 is converted into electrical
signals, whereby external images can be loaded. The semi-
conductor display device according to one embodiment of
the present invention can be used for the display portion
5402. The use of the semiconductor display device accord-
ing to one embodiment of the present invention for the
display portion 5402 can provide a mobile phone capable of
obtaining high-resolution, high-quality image data and being
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equipped with more highly functional applications. The use
of the semiconductor display device according to one
embodiment of the present invention for the display portion
5402 can reduce power consumption of the mobile phone.
The solid-state imaging device according to one embodi-
ment of the present invention can be used to convert light
received by the light-receiving portion 5406 into electrical
signals. The use of the solid-state imaging device according
to one embodiment of the present invention can provide a
mobile phone capable of obtaining high-resolution, high-
quality image data and being equipped with more highly
functional applications. The use of the solid-state imaging
device according to one embodiment of the present inven-
tion can reduce power consumption of the mobile phone.

This example can be implemented in combination with
any of the above-described embodiments and example.

This application is based on Japanese Patent Application
serial no. 2010-150844 filed with Japan Patent Office on Jul.
1, 2010, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A solid-state imaging device comprising:

a plurality of pixels, each of the plurality of pixels

comprising:

a photodiode configured to generate current; and

an amplifier circuit configured to amplify an amount of

charge determined by a value of current, thereby gen-
erating an output signal,
wherein the amplifier circuit comprises a first transistor
and a second transistor which are configured to hold the
amount of charge determined by the value of current,

wherein one of a source and a drain of the first transistor
is connected to the photodiode,

wherein the other of the source and the drain of the first

transistor is electrically connected to a gate of the
second transistor,

wherein the plurality of pixels comprise a first plurality of

pixels connected to a first wiring supplied with a first
output signal, and a second plurality of pixels con-
nected to a second wiring supplied with a second output
signal,

wherein the value of current is determined by an intensity

of irradiation light,

wherein a third wiring for supplying a potential to switch

the first transistor included in each of the first plurality
of pixels for controlling accumulation of first charge is
connected to a fourth wiring for supplying the potential
to the second plurality of pixels, and

wherein the third wiring is electrically connected to the

first transistor in each of the first plurality of pixels.

2. The solid-state imaging device according to claim 1,
wherein the first transistor comprises, in a channel formation
region, a semiconductor material having a wider band gap
than silicon and having a lower intrinsic carrier density than
silicon.

3. The solid-state imaging device according to claim 2,
wherein the semiconductor material is an oxide semicon-
ductor.

4. The solid-state imaging device according to claim 3,
wherein the oxide semiconductor is an In—Ga—Zn-based
oxide semiconductor.

5. The solid-state imaging device according to claim 3,
wherein a hydrogen concentration of the channel formation
region is 5x10"°/cm’> or less.

6. The solid-state imaging device according to claim 1,
wherein an off-state current density of the first transistor is
100 yA/um or less.
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7. The solid-state imaging device according to claim 1,
wherein the third wiring is connected to a gate of the first
transistor in each of the first plurality of pixels.

8. A solid-state imaging device comprising:

a plurality of pixels, each of the plurality of pixels

comprising:

a photodiode configured to generate current; and

an amplifier circuit configured to amplify an amount of

charge determined by a value of current, thereby gen-
erating an output signal,
wherein the amplifier circuit comprises a first transistor
and a second transistor which are configured to hold the
amount of charge determined by the value of current,

wherein one of a source and a drain of the first transistor
is connected to the photodiode,

wherein the other of the source and the drain of the first

transistor is electrically connected to a gate of the
second transistor,

wherein the plurality of pixels comprise a first plurality of

pixels connected to a first wiring supplied with a first
output signal, and a second plurality of pixels con-
nected to a second wiring supplied with a second output
signal,

wherein the value of current is determined by an intensity

of irradiation light,

wherein a third wiring connected to an anode of a first

photodiode included in the first plurality of pixels is
connected to a fourth wiring connected to an anode of
a second photodiode included in the second plurality of
pixels,

wherein a fifth wiring for supplying a potential to switch

the first transistor included in each of the first plurality
of pixels is connected to a sixth wiring for supplying
the potential to the second plurality of pixels, and
wherein the fifth wiring is electrically connected to the
first transistor in each of the first plurality of pixels.

9. The solid-state imaging device according to claim 8,
wherein the first transistor comprises, in a channel formation
region, a semiconductor material having a wider band gap
than silicon and having a lower intrinsic carrier density than
silicon.

10. The solid-state imaging device according to claim 9,
wherein the semiconductor material is an oxide semicon-
ductor.

11. The solid-state imaging device according to claim 10,
wherein the oxide semiconductor is an In—Ga—Zn-based
oxide semiconductor.

12. The solid-state imaging device according to claim 10,
wherein a hydrogen concentration of the channel formation
region is 5x10*°/cm? or less.

13. The solid-state imaging device according to claim 8,
wherein an off-state current density of the first transistor is
100 yA/um or less.
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14. A solid-state imaging device comprising:

a plurality of pixels, each of the plurality of pixels

comprising:

a photodiode configured to generate current; and

an amplifier circuit configured to amplify an amount of

charge determined by a value of current, thereby gen-
erating an output signal,
wherein the amplifier circuit comprises a first transistor
and a second transistor which are configured to hold the
amount of charge determined by the value of current,

wherein one of a source and a drain of the first transistor
is connected to the photodiode,

wherein the other of the source and the drain of the first

transistor is electrically connected to a gate of the
second transistor,

wherein the plurality of pixels comprise a first plurality of

pixels connected to a first wiring supplied with a first
output signal, and a second plurality of pixels con-
nected to a second wiring supplied with a second output
signal,

wherein the value of current is determined by an intensity

of irradiation light,

wherein a third wiring supplied with a first signal for

controlling switching of a third transistor included in
the first plurality of pixels is connected to a fourth
wiring supplied with a second signal for controlling
switching of a fourth transistor included in the second
plurality of pixels,

wherein a fifth wiring supplied with a third signal for

controlling switching of the first transistor included in
each of the first plurality of pixels is connected to a
sixth wiring for supplying a fourth signal to the second
plurality of pixels, and

wherein the fifth wiring is electrically connected to the

first transistor in each of the first plurality of pixels.

15. The solid-state imaging device according to claim 14,
wherein the first transistor comprises, in a channel formation
region, a semiconductor material having a wider band gap
than silicon and having a lower intrinsic carrier density than
silicon.

16. The solid-state imaging device according to claim 15,
wherein the semiconductor material is an oxide semicon-
ductor.

17. The solid-state imaging device according to claim 16,
wherein the oxide semiconductor is an In—Ga—Zn-based
oxide semiconductor.

18. The solid-state imaging device according to claim 16,
wherein a hydrogen concentration of the channel formation
region is 5x10"°/cm’> or less.

19. The solid-state imaging device according to claim 14,
wherein an off-state current density of the first transistor is
100 yA/um or less.



